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Preface 


It gives us immense pleasure to bring the book ‘Programming and Problem Solving with Python’. The 
book is intended for the students in initial years of engineering and mathematics who can use this 
high-level programming language as an effective tool in mathematical problem solving. Python is 
used to develop applications of any stream and it is not restricted only to computer science. 

We believe that anyone who has basic knowledge of computer and ability of logical thinking can 
learn programming. With this motivation, we have written this book in a lucid manner. Once you 
go through the book, you will know how simple the programming language is and at the same 
time you will learn the basics of python programming. You will feel motivated enough to develop 
applications using python. 

Since this book has been written with consideration that reader has no prior knowledge of 
python programming, before going through all the chapters, reader should know what are the 
benefits of learning python programming. Following are some of the reasons why one should 
learn python language. 

e Python language is simple and easy to learn. For example, it has simple syntax compared to 

other programming languages. 

e Python isan object-oriented programming language. It is used to develop desktop, standalone 
and scripting applications. 

e Python is also an example of free open source software. Due to its open nature one can write 
programs and can deploy on any of platform, i.e., (Windows, Linux, Ubuntu and Mac OS), 
without changing the original program. 

Thus, due to the features enlisted above, python has become the most popular language and is 

widely used among programmers. 


Use of Python in Engineering Domains 


Computer Engineering 
Python is used in computer engineering 


¢ To develop web applications 
e By data scientists to analyse large amount of data 
e In automation testing 
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¢ To develop GUI-based applications, cryptography and network security and many more 
applications 


Electronics and Telecommunication Engineering and Electrical Engineering 

¢ Image processing applications can be developed by using pythons ‘scikit-image’ library 

¢ Widely used in developing embedded applications 

¢ Develop IOT applications using Arduino and Raspberry pi 

Python can also be used in other engineering streams such as mechanical, chemical, and 
bioinformatics to perform complex calculations by making use of numpy, scipy, and pandas library. 

Thus, the end user of this book can be anyone who wants to learn basics of python programming. 
To learn the basics, the student can be of any stream/any engineering/Diploma/BCA/MCA 
background and interested to develop applications using python. 


Organization of the Book 


The book is organized into two parts. The first part covers fundamentals of computer programming 
while the second part covers topics related to object-oriented programming and some basic topics 
on data structures. 

In the first part of the book, the readers will learn about basics of computer, basics of python 
programming, executing python programs on various operating systems (Chapter 1), data 
types used in python, assignments, formatting numbers and strings (Chapter 2) operators and 
expressions (Chapter 3), decision statements (Chapter 4), loop control statements (Chapter 5) and 
functions (Chapter 6). 

In the second part, the readers will be introduced to creation of classes and objects. The concept 
of creating list and strings using classes are discussed in Chapters 7 and 8. Reader will also 
become aware of basic topics of data structures, ie. searching and sorting (Chapter 9) since it is 
one of the most important concept and used in almost all real-world applications. Various concepts 
and features of object-oriented programming such as inheritance, accessibility, ic. encapsulation 
have been covered in Chapter 10. Chapter 11 comprises one of the major important data structures 
of python, ie. tuples, sets and dictionaries in great detail whereas Chapter 12 explains graphics 
creation using turtle. Finally, Chapter 13 will help the readers to understand the need of file 
handling and develop real-time applications based on it. Thus, after going through the second 
part of the book, the readers will be in a position to create a software application by considering 
flexibility, and reusability. 


Online Learning Centre 


The text is supported by additional content which can be accessed from the weblink 
http://www.mhhe.com/kamthane/python. The weblink comprises 


¢ Problems for practice 

¢ Solutions Manual (for Instructors and Students) 
e PPTs 

¢ Useful web links for further reading 
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In the end, we would like to express gratitude to all our well-wishers and readers, whose 
unstinted support and encouragement has kept us going as a teacher and author of this book. Any 
suggestion regarding the improvement of the book will be highly appreciated. 


AsHOK NAMDEV KAMTHANE 
Amit ASHOK KAMTHANE 


Publisher’s Note 


McGraw-Hill Education (India) invites suggestions and comments from you, all of which can be 
sent to info.india@mheducation.com (kindly mention the title and author name in the subject line). 
Piracy-related issues may also be reported. 


Visual Walkthrough 


All chapters within the book have been structured into the following important pedagogical 
components: 


Decision Statements 


¢ Learning Outcomes give a clear idea to the 
students and programmers on what they will 
learn in each chapter. After completion of 


CHAPTER OUTLINE 


4.1 Introduction 4.6 Boolean Expressions and Relational 
; clean Type Operators 
chapter, they will able to comprehend and apply 43 den Coen 47 Deen Mckig Stones 


4.4 Using Numbers with Boolean Operators 4.8 Conditional Expressions 
4.5. Using String with Boolean Operators 


all the objectives of the chapter. 


LEARNING OUTCOMES. 


¢ Introduction explains the basics of each topic 
and familiarizes the reader to the concept being 
dealt with. 


4.1 INTRODUCTION 


So far, we have seen programs that contain a sequence of instructions, These programs are 
executed by the compiler line by line, in the way the program line appears. The flow control in 


Write a program to create a list with elements 1,2,3,4 and 5. Display even elements of the list 
using list comprehension. 


PROGRAM 8.1 | 


List1=[1,2,3,4,5] 

print ("Content of List1”) 

print (List1) 

Listi=[x for x in List if x%2==0] 
print ("Even elements from the List1”) 
print (List1) 


¢ Programs are the highlighting 
feature of the chapters. Ample 
programs have been provided 
Even elements from thq|fp1 = open(*WriteNumRandom.txt”,"w") # Open file in write mode against each sub topic to effectively 


{2, 4] for x in range(51): #Iterates for 50 times 


Output PROGRAM 13.3 Generate 50 random numbers within a range 500 to 1000 and write them to file 


, WriteNumRandom.txt. 
Content of Listi 


Digeer See) oi from random import randint # Import Random Module 


x = randint(500,1000) #Generate one random number strengthen the learnt concepts. 


x = str(x) #Convert Number to String 
fpl.write(x + “ ™) #Write Number to Output file 
f£p1.close() #Finish Writing Close the file 


Ouiput File 


La WriteNumRandom.tet txt “ C:\Python34\WriteNumRandom. tet tet (3.4.2) 


File Edit Format Run Options Windows Help =] 
504 955 584 643 933 602 @57 G83 20 51S 714 763 509 926 S60 679 785 634 587 985 | 


Visual Walkthrough (i) 


¢ Mini Project consists of a problem 
statement that will compel the readers to 
think and make use of various concepts 
learnt to solve real-life problems through 
programming. 


(3) Note: The del operator uses index to access the elements of a list. It gives a run time error if the index 
is out of range. 
Example: 


>>> del Lst [4] 
Traceback (most recent call last]: 


File “<pyshell#37>", line 1, in <module> 
del Lst [4] 


IndexError: list assignment index out of range 


e A concise Summary has been listed at 
chapter-end to reiterate vital points and 
describes in short, the complex concepts 
covered within the chapter. 


¢ Key Terms enlists important keywords 
and concepts covered within the chapter. 


e Extensive Review Questions presented 
at the end of each chapter comprise 
Multiple Choice Questions, True False 
statements, Exercise Questions and 
Programming Assignments. This would 
help in analyzing the learnt information. 


eaten eae Turtle Racing Game 


Create three different Turtles of colors red, green and black. Design one track for all of them to run 
over the track and win the competition. The track and the Turtle before the start of the completion 
should look as shown. 


7 Toric Fi Racing Game 


Turtle Racing Track 


To solve this case study, the for loop and Turtle’s inbuilt functions such as penup(), pendown(), 
forward(), right(), goto(), color(), shape(), speed(),and left() will be used. 


¢ Notes have been inserted in each chapter 
to provide valuable insights based on 
programming concepts. Notes shall 
also act as precautionary statements for 
readers to solve programming problems 
effectively. 


oe SUMMARY 

* A function is a self-contained block of one or more statements that perform a special task when called. 
* A function's definition in Python begins with the def keyword followed by the function's name, 

parameter and body. 

The function header may contain zero or more number of parameters. 

Parameters are the names that appear in a function’s definition. 

Arguments are the values actually passed to a function when calling a function. 

Arguments to a function can be passed as positional or keyword arguments. 

The arguments must match the parameters in order, number and type as defined in the function. 

A variable must be created before it is used. 

Variables defined within the scope of a function are said to be local variables. 

Variables that are assigned outside of functions are said to be global variables. 

The return statement is used to return a value from a function. 

Functions in Python can return multiple values. 

Python also supports a recursive feature, ie. a function can be called repetitively by itself 


‘ae KEY TERMS 
The def keyword: Reserved word to define a function 
Positional arguments: By default, parameters are assigned according to their position 
Keyword arguments: Use syntax keyword = Value to call a function with keyword arguments 
Local and global scope of a variable: Describes two different scopes of a variable 
The return keyword: Used to return single or multiple values 
Lambda: An anonymous function 


oe REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. A variable defined outside a function is referred to as 
b. Only variable 
d, None of the above 


a. Local variable 
¢. Global variable 
Which of the following function headers is correct? 
a. def Demo(P, Q = 10) 
c. def Demo(P=10,Q) 
. What will be the output of the following program? 


b, def Demo(P=10,Q = 20): 
d. Botha and c 
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Introduction to Computer 
and Python Programming 


CHAPTER OUTLINE 
1.1 Introduction 1.6 Executing Python Programs 
1.2 What is a Computer? 1.7 Commenting in Python 
1.3 Overview of Programming Languages 1.8 Internal Working of Python 
1.4 History of Python 1.9 Python Implementations 


1.5. Installing Python in Ubuntu 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
e Identify the functionalities of modern computer systems and various programming languages 
e Explain the importance of Python and describe its need as a programming language 


e Install Python in various operating systems and write and execute programs in Python 


1.1 INTRODUCTION 


Nowadays computers have become an integral part of human lives. They are used in diverse sectors 
to execute a range of everyday tasks such as reservation of tickets, payment of electricity bills, virtual 
transfer of money, forecasting the weather, diagnosis of diseases and so on. In short, each one of 
us—directly or indirectly—makes use of computers. So, before learning python programming 
language, this chapter explains the basics of computers and different types of programming 
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languages for ease of beginners and then introduces Python in detail, covering installation and 
execution of Python and Python programs. 


1.2 WHAT IS A COMPUTER? 


The word computer is derived from ‘compute’, which means ‘to calculate’. A computer is an 
electronic device which accepts data from a user, processes the data for calculations specified by 
the user and generates an output. A computer performs these operations with speed and accuracy 
using certain hardware and software. Hardware is visible physical element of a computer and 
software consist of a written set of instructions used to control the hardware. Figure 1.1. shows the 
various components of a modern computer system. 


Central 
Processing Unit (CPU) 


Output 


Figure 1.1 Block diagram of a modern computer system 


The hardware of a computer system consists of three main components, viz. input/output (I/O) 
unit, central processing unit and memory unit. 


1.2.1. Input/Output (I/O) Unit 


Users interact with a computer using various I/O units. Inputs can be given to a computer using 
input devices, such as a keyboard. The input unit of a computer converts the data that it accepts 
from a user into a form that is understandable by it. As soon as the computer receives the input, it 
is processed and sent to its output device. Monitors, printers, etc., are examples of output devices 
of a computer. 


1.2.2 Central Processing Unit (CPU) 


The CPU is one of the most important parts of a computer. It handles processing of data and 
consists of an arithmetic logic unit (ALU) and a control unit. The ALU performs all operations on 
the input data and the control unit directs the computer memory and input and output devices 
response to the instructions received from a program. 


1.2.3 Memory Unit 


The function of the memory unit is to store programs and data. The unit is a compilation of 
numerous storage cells and each cell can store one bit of information. These cells are processed 
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in a group of fixed sizes of units called words and they never read or write as individual cells. A 
computer’s memory system can be divided into the following three groups: 
1. Internal memory: It refers to the set of registers confined to the CPU. These registers hold 
temporary results when a computation is in progress. 
2. Primary memory: It is a storage area in which all the programs are executed. All programs 
and data must be stored in the primary memory for speedy execution. 
3. Secondary memory: It is known as external memory or storage memory. Programs and data 
are stored here for the long term. Hard disk, floppy disk, CDs, DVDs and magnetic tapes are 
different forms of secondary memory. 


1.3. OVERVIEW OF PROGRAMMING LANGUAGES 


A computer program is a set of instructions, which performs a specific task when executed by a 
computer. Computer programs are commonly known as software. The instructions in a program 
tell a computer what to do and these instructions can be written in three types of programming 
languages described next. 


1.3.1 Machine Language 


A computer is an electronic machine which can understand any instruction written in binary 
form, i.e. using only 0s and 1s. A program written in 0s and 1s is called machine language. While 
a computer easily understands this language, it is difficult for humans to write an instruction in 
terms of 0’s and 1’s. Consider the following example. 


Example 


A series of numbers, such as 0011, 1000, 1010 is an instruction written in machine language. The 
instruction implies addition of a number stored at location 8 (1000) and another number stored at 
location 10 (1010) and storing the result at location 8 (1000). Here, the binary code 0011 stands for 
addition. 


1.3.2 Assembly Language 


From the above example, we know that it is difficult to write, read, communicate or change a 
program written in machine language for humans. Hence, the need to create another more 
convenient language arose. In assembly language, which was developed subsequently, machine 
operations are represented by mnemonic codes (such as ADD and MUL) and symbolic names that 
specify the memory address. Consider the following example. 


Example 
MOV X, 10 
MOV Y, 20 
ADD X, Y 


Here the mnemonic MOV indicates an operation to store the value of variable X as 10. The 
mnemonic ADD implies addition of the contents of variable X, Y and finally storing the result in 
variable X itself. 
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Since computers cannot understand the assembly language, a program called assembler is 
used to translate assembly language programs into equivalent machine language programs. 


1.3.3 High-level Language 


High-level languages are much easier to write than low-level languages because programs written 
in these are similar to instructions written in the English language. Here ‘high’ does not imply that 
the language is complicated. It means that the language is more problem oriented. Generally, high- 
level languages are platform independent. This means that one can write a program in a high-level 
language and run it on different types of machines. Instructions written in high-level languages 
are called statements. 

For example, a statement to calculate the square of a number can be written in a high-level 
language as 

Square = number * number 

There are many high-level languages and the selection of a language is based on the purpose 
it is expected to fulfill. A program written in a high-level language is called source code or source 
program. The process of executing programs written in high-level languages is given below. 


© STEP 1: An interpreter or compiler is used to translate a program written in a high-level 
language into its equivalent machine code for execution. 


© STEP 2: A linker is used to combine the object code and the code stored in libraries into 
machine language. 


© STEP 3: Finally, the machine language code generated in Step 2 is executed. 


Figure 1.2 depicts the steps on how to execute a program written in a high-level language. 


Source code (Program) 


| 


Compiler (Creates the object code) 


| 


Linker links the modules and 
libraries of a program 


Loader executes the program into 
memory for execution 


Figure 1.2 Steps to execute a high-level language program 


The next section describes compiler, interpreter, linker and loader in detail. 
Compiler 


It is a software that translates a program written in a high-level language into machine language. 
This compiled program is called object code. The object code is an executable code which can 
run as a standalone code, ie. it does not need the compiler to be present during execution. Every 
programming language, such as C, C++ and Java has its own compiler. 
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Interpreter 


While a compiler converts the whole source code into an equivalent object code or machine 
code, the interpreter reads the source code line by line and converts it into object code (i.e. a code 
understandable to the machine. 


Linker 


It is a program that links different program modules and libraries to form a single executable 
program. A source code of a program is very large. It can consist of hundreds of lines of code. 
Before the execution of a program, all the modules of the program and the required libraries are 
linked together using a software called a linker. The compiled and linked program is called the 
executable code. 


Loader 


This software is used to load and relocate an executable program in the main memory during 
execution. The loader assigns a storage space to a program in the main memory for execution. 


1.4 HISTORY OF PYTHON 


Python was developed by Guido van Rossum at National Research Institute for Mathematics and 
Computer Science in Netherlands in 1990. Rossum wanted the name of his new language to be 
short, unique and mysterious. Inspired by Monty Python's Flying Circus, a BBC comedy series, he 
named the language Python. 

Python became a popular programming language, widely used in both industry and academia 
because of its simple, concise and extensive support of libraries. It is a general purpose, interpreted 
and object-oriented programming language. Python source code is available under General Public 
License (GPL) and maintained by a core development team at the same institute. 


1.4.1. Why Python? 


COBOL, C#, C, C++ and Java are a few of the many programming languages available in information 
and technology today. One common question that beginners in programming often ask is, ‘Why 
use Python when there are so many programming languages?’ While on one hand it may just be a matter 
of personal preference, there are some very well-known advantages of Python which make it a 
popular programming language. These are given below. 
1. Readability: Developer's readability of code is one of the most crucial factors in programming. 
The longest part of any software’s life cycle is its maintenance. Therefore, if a software has 
a highly readable code, then it is easier to maintain. Readability also helps a programmer 
to reuse the existing code with ease to maintain and update a software. Python offers more 
readability of code when compared to other programming languages. 
2. Portability: Python is platform independent, ie. its programs run on all platforms. The 
language is designed for portability. 
3. Vast support of libraries: Python has a large collection of in-built functionalities known as 
standard library functions. Python also supports various third-party software like NumPy. 
NumPy is an extension, i.e. it provides support for large, multidimensional arrays and matrices. 
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4. Software integration: An important aspect of Python is that it can easily extend, communicate 
and integrate with several other languages. For example, Python code can easily invoke libraries 
of C and C++ programming languages. It can also be used to communicate with Java and .net 
components. Python can sometimes act as an intermediary or agent between two applications. 
5. Developer productivity: Compared to other programming languages, Python is a 
dynamically typed language, which means there is no need to declare variables explicitly. 
Again, there are various other features of Python due to which the size of code written is 
typically smaller or half of the code written in some other languages, such as C, C++ or Java. 
As the size of code is reduced quite a bit, there is less to type and debug. The amount of time 
needed to compile and execute is also very less as compared to other programming languages. 
Python programs run immediately, i.e. without taking much time to link and compile. 
These benefits offered by Python make it the topmost choice for programmers to develop 
application software or projects with Python. 


1.4.2 Installing Python in Windows 


Python is available for almost all operating systems such as Windows, Mac, Linux/Unix, etc. The 
complete list of different versions of Python can be found at http://www.Python.org/downloads. 
Step-wise details for installing Python in Windows are given below. 


© STEP 1: Open an Internet browser like Internet Browser, Mozilla Firefox or Chrome. Type 
http://www.Python.org/ in the address bar and press Enter. Immediately, the 
following page will appear (Figure 1.3). 


All the Flow You'd Expect 


Figure 1.3. Python home page 


© STEP 2: Click on Downloads and you will see the latest version of Python. Since all programs 
in this book are written and executed on Python 3.4, download Python 3.4 version by 
clicking on All Releases under Downloads as shown in Figure 1.4. 
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://wewew python.org 


e python a 


About Downloads Documentation Community Success Stories News Events 


All releases 
Download for Windows 


Source code 


Python3.5.2 Python 2.7.12 


Note that Python 3.S+ cannot be used on Windows XP 
MacOSX or earlier. 
Not the OS you are looking for? Python can be used on 


Windows 


Other Platforms 


many operating systems and environments. 


Figure 1.4 Python download page 


© STEP 3: After clicking on All Releases under Downloads browse through the page to the 
bottom. You will see a list of Python releases as shown in Figure 1.5. 


Looking for a specific release? 


Python releases by version number: 


Release version Release date Click for more 
pytmnon 3.4.3 ZUIS-UZ-25 = vowniosa Release NOTES = 
Python 2.7.9 2014-12-10 & Download Release Notes 
Python 3.4.2 2014-10-13 & Download Release Notes 
Python 3.3.6 2014-10-12 & Download Release Notes 
Python 3.2.6 2014-10-12 & Download Release Notes 
Python 2.7.8 2014-07-02 & Download Release Notes 
Python 2.7.7 2014-06-01 & Download Release Notes 
Python 3.4.1 2014-05-19 & Download Release Notes &, 


Figure 1.5 Python release versions 


© STEP 4: Click on Python 3.4.2 and download it. 


© STEP 5: Open the folder where you have downloaded the Python 3.4 version pack and double 
click on it to start the installation (Figure 1.6). 


—e ST) CO 


» Computer > Local Disk(C:) » Downlods 


CO 


Organize v Include in library v Share with v Burn New folder 
3k Favorites Name ‘ Date modified Type Size 
BB Desktop p python-3.4.2 25/12/2014 1:33 PM ~~ Windows Installer ... 23,956 KB 
iB Downloads 
& Google Drive 
tag Libraries 


Figure 1.6 Python software 
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© STEP 6: After clicking on it you will see the first window to set up Python 3.4.2 (Figure 1.7). 


wy Python 3.4.2 Setup [=a] 


Select whether to install Python 3.4.2 
for all users of this computer. 
@ Install for al users 

a © Install just for me (not available on Windows Vista) 


python 
for 
windows 


Figure 1.7 Python first setup window 


© STEP 7: Click on Next and you will see a second window which tells you to specify the location 
where you want to install Python (Figure 1.8). 


wy Python 3.4.2 Setup 


} Select Destination Directory 


Please select a directory for the Python 3.4.2 files. 


— e@# Python34 v|Up| New 


python 
windame C:\Python34\ 


<tak |nNet sa) [cones 


Figure 1.8 Python second setup window 


By default, Python will be installed in C:\. Then click on Next to continue the 
installation. Just before completing the installation, it will show you the following two 
windows (Figures 1.9 a and b). 
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y Python 3.4.2 Setup Ea wy Python 3.4.2 Setup | x | 


Install Python 3.4.2 J Complete the Python 3.4.2 Installer 


Please wat while the Instaber nstals Python 3.4.2. This may take 


several minutes. 

- Special Windows thanks to: 
Status: Copying new files Mark Hammond, without whose years of freely 
| shared Windows expertise, Python for Windows 


would still be Python for DOS. 


python 
windawe Cick the Finish button to exit the Installer. 
Cancel — [ saa — 


(a) (b) 


Figures 1.9 a andb Python final setup window 


© STEP 8: Click on Finish to complete the installation. 


© STEP 9: To check if Python is installed successfully just press windows key on Windows 7 or 
Windows 8 and then in the search bar type Python as shown in Figure 1.10. 


Search 


pow ‘v 19,043.41 883 
FISE100 = & 7,011.64 12.63 


ee 
ma NIKKED 225 a 19,401.15 +127.36 


People Money er Helps Tips 


Sim 


Figure 1.10 Windows 8 showing successful installation of Python 


1.4.3 Starting Python in Different Execution Modes 


After installing Python in Windows, you can start Python in two different modes, viz. Python 
(Command Line) and Python (IDLE). 


Starting Python (Command Line) 
Python is an interpreted language. You can directly write the code into the Python interpreter or 
you can write a sequence of instructions into a file and then run the file. 

When you execute Python expressions or statements from the command line then you are in 
interactive mode or interactive prompt. 
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Steps for writing a Python command line in Windows 7 are given as follows: 
© STEP 1: Press the Start button (Figure 1.11). 


Foxit Reader 54 


P=" VLC media player 


Pictures 
io] Control Panel 


92Z) Microsoft Office Word 2007 


Documents 


Turbo C++ 4.0 Windows 7 
Windows 8 648i Version 


ge Internet Download Manager 


a) Notepad 


O NetBeans IDE 73 


re Calculstor 


S&S Snipping Tool 

Gao 

Youtube Downloader HO 
~~ 


eo eclipse - Shortcut 


> ~— All Programs 


Figure 1.11 


© STEP 2: Click on All programs and then Python 3.4. After clicking on Python 3.4 you will see 
a list of options as shown in Figure 1.12. 


» MMX355G 3G USB Manager Music 


» Net Protector 2017 
» NetBeans 
» Notepad++ 
» Oracle Database 10g Express Edition 
» oTweak Software 
» Picasa3 
» Pinnacle Studio 14 
» PriceFountain 
» Python 34 Default Programs 
?. IDLE (Python 3.4 GUI - 32 bit) 
. Python 34 (command line - 32 bit) |_ MAC OR UC Raa 
® Python 3.4 Docs Server (pydoc - 32 t~ 
@ Python 3.4 Manuals 
§9 Uninstall Python 3.4 G2 bit) 
» Sim8085 pp Simulator 
» Startup 
4 Tablet PC 
» Texmaker 
) Tftpd32 


Games 


Computer 


Control Panel 


Devices and Printers 


Figure 1.12 
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© STEP 3: In this list click on Python (Command Line—32 bit). After clicking on it, you will see 
the Python interactive prompt in Python command line as shown in Figure 1.13. 


Lo| © jaa] ) 
* C:\Python34\python.exe —,| 


Python 3.4.2 (v3.4.2:ab2c823a9432, Oct 6 2614, 22:15:65> [MSC v.1666 32 bit «In 
tel>] on win32 
Type “help. “copyright”, “credits” or “license"’ for more information. = 


>>> 


Figure 1.13. Python interactive mode as Python command line window 


In Figure 1.13, the Python command prompt contains an opening message >>>, called command 
prompt. The cursor at the command prompt waits for you to enter a Python command. A complete 
command is called a statement. Simple commands executed in the interactive mode of Python 
command line are shown in Figure 1.14. 


© C:\Python34\python.exe |S) ao 


Python 3.4.2 (v3.4.2:ab2c823a9432, Oct 6 2614, 22:15:65) [MSC v.1686 32 bit <In 
tel>] on win32 

Type “help”. “copyright”. “credits” or “license” for more information. 

>>> print¢<’Hello World’ > 

Hello World 

>>> print<’Bye for Now’ > 

Bye for Now 


>? aa 


Figure 1.14 Simple commands executed in interactive mode of Python command prompt 


We have written two simple commands or statements. The first statement, ie. print(’Hello 
World’) when executed in the interactive mode of Python command prompt gives the output as 
the entered command, i.e. ‘Hello World’ for this message. More details about print and its syntax 
are explained in Chapter 2. 

Precautions to be taken while executing commands in the interactive mode of Python with 
command line are given as follows. 
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If you try to put an extra space between Python prompt, i.e. >>> and the command, then 
it will produce an error called Indentation Error: Unexpected Indent. A simple example to 
demonstrate this error is given below. 

Example: 

>>> print(‘Hello World’) 
File “estdins”, line 1 
print(‘Hello World’) 


IndentationError: unexpected indent 


Thus, due to an extra space between >>> and command, i.e. print(‘Hello world’), the Python 
interpreter raises an error. 


To exit from the command line of Python 3.4, press Ctrl+Z followed by Enter. 


Starting Python IDLE 

Launching Python IDLE is another way to start executing Python statements or commands in the 

interactive mode of Python IDLE. It is a graphical integrated development environment for Python. 
Python statements or commands which run in the interactive mode of Python IDLE are called 

shell. IDLE is downloaded by default while installing Python. Launching Python IDLE is the 

simplest way to open a Python shell. The steps to launch Python IDLE are similar to those used to 

start a Python command line and are detailed below. 

© STEP 1: Press the Start button. 


© STEP 2: Click on All Programs and then Python 3.4. After clicking on Python 3.4 you will see 
a list of options as shown in Figure 1.15. 


MM\X355G 3G USB Manager a 


Net Protector 2017 
NetBeans 
Notepad++ 
» Oracle Database 10g Express Edition 
oTweak Software 
\y Picasa 3 
Pinnacle Studio 14 
PriceFountain 
» Python 3.4 Default Programs 
. IDLE (Python 3.4 GUI - 32 bit) 
*. Python 3.4 (command line - 32 bit) Help and Support 
?. Python 3.4 Docs Server (pydoc - 32 t~ 
(B Python 3.4 Manuals 
§ Uninstall Python 3.4 (32 bit) 
Sim8085 pp Simulator 
Startup 
Tablet PC 
» Texmaker 
» Thtpd32 


4 


Games 


Computer 


Control Panel 


Devices and Printers 


Back 


Figure 1.15 
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© STEP 3: Click on IDLE (Python 3.4 GUI—32 bit) and you will see the Python interactive 
prompt, i.e. an interactive shell as shown in Figure 1.16. 


File Edit Shell Debug Options Windows Help 
Python 3.4.2 (v3.4.2:ab2c023a9432, Oct 6 2014, 22:15:05) [MSC v.1600 32 bit (In 
tel)}] on win32 
| Type "copyright", "credits" or "license()" for more information. 
>>> | 


Figure 1.16 Python IDLE—Interactive shell 


In Figure 1.16, a Python interactive shell prompt contains an opening message >>>, called ‘shell 
prompt’. The cursor at the shell prompt waits for you to enter a Python command. A complete 
command is called a statement. As soon as you write a command and press Enter, the Python 
interpreter will immediately display the result. 


Figure 1.17 shows simple commands which are executed in the interactive mode, ie. the 
interactive shell of Python IDLE. 


L& Python 3.4.2 Shell lo\|e! x | 


File Edit Shell Debug Options Windows — Help 


Python 3.4.2 (v3.4.2:ab2c023a9432, Oct 6 2014, 22:15:05) [MSC v.1600 32 bit (In 
tel)] on win32 

Type "copyright", "credits" or "license()" for more information. 

>>> print ("Welcome Make Habbit of it ') 

Welcome Make Habbit of It 

>>> print(' Awesome Interactive Sheii') 

Awesome Interactive Shell 
>>> 


Figure 1.17 Running commands in Python IDLE’s interactive shell 


Note: Hereafter all commands given as examples in the forthcoming chapters of this book are executed 
in Python 3.4 IDLE's interactive mode, i.e. the interactive shell prompt. 
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1.5 INSTALLING PYTHON IN UBUNTU 


Python 2.7 and Python 3.4 are installed by default on Ubuntu 15.0. The following steps can be used 
to check their presence. 


© STEP 1: Open Ubuntu 15.0. 


© STEP 2: Press the Windows button on the keyboard and type ‘terminal’ or press the shortcut 
Ctrl+Alt+T to open the terminal. 


© STEP 3: Once the terminal is open, type Python3—version to check if it is installed. 


munavvir@munu: ~ 


munavvir@munu:~$ python3 --version 
Python 3.4.3 
munavvir@munu: ~$ i 


Figure 1.18 Check default installation of Python 


© STEP 4: From Figure 1.18 we can know that default Python3.X version has been installed 
successfully. 


© STEP 5: To launch the command line mode or interactive mode of Python 3.X version in 
Ubuntu, type Python3 on the terminal. 


munavvir@munu: ~ 


> 


munavvir@munu:~$ python3 
Python 3.4.3 (default, Mar 26 2015, 22:03:40) 
[GCC 4.9.2] on Linux 


= Type “help”, “copyright”, “credits” or “License” for more information. 


a 


Figure 1.19 Ubuntu Python3 command line mode 


From Figure 1.19 we can see the command line mode of Ubuntu has been started 
and the programmer is ready to give instructions to Python. The following figure 
(Figure 1.20) illustrates an example of printing ‘hello’ in the command line mode of 
Ubuntu. 
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munavvir@munu: ~ 
munavvir@munu:~$ python3 
Python 3.4.3 (default, Mar 26 2015, 22:03:40) 
2] on Linux 
copyright", “credits” or “License” for more information. 


> print('hello') 
hello 

> quit() 
munavvir@munu:~$ i 


Figure 1.20 Executing instructions of Python3 in Ubuntu command line mode 


© STEP 6: A programmer can launch Python IDLE mode in Ubuntu in the same manner. To 
launch the IDLE mode of Python, type the command given below on the terminal. 


Python -m idlelib 


Note: If IDLE is not installed then the programmer can install it by typing the command given below on 
the terminal. 


sudo aptget install idle3 


1.6 EXECUTING PYTHON PROGRAMS 


The previous section explained the installation of Python3 in Windows and Ubuntu. This section 
describes how to execute Python programs in script mode on Windows. All the programs written in 
this book are written and executed on Windows. Once IDLE is launched in Ubuntu, a programmer 
can write programs in script mode in the same manner as done in Windows. 

Running Python programs from a script file is known as running Python in script mode. You 
can write a sequence of instructions in one file and execute them. The steps required to write 
Python programs in Python IDLE’s script mode are given as follows. 


© STEP 1: In Python IDLE’s - Shell window, click on File and then on New File or just click 
CTRL+N (Figure 1.21). 

| & Python 3.4.2 Shell 

(File) Edit Shell Debug Options Windows 


fo icn erw ba Px baw bows Pen ea horad wen ned cel 023a9432 
Open... Ctrl+O s" or "1 
Recent Files » 


Open Module... Alt+M 
Class Browser = Alt+C 
Path Browser 


Save Ctrl+S 
Save As... Ctrl+Shift+S 
Save Copy As... Alt+Shift+S 


Print Window = Ctrl+P 


Close Alt+F4 
Exit Ctri+Q 


Figure 1.21 Python IDLE file menu bar 
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As soon as you click on New File, the window shown below will open (Figure 1.22). 


la -) 


| & Untitled : =o 8 & 


File Edit Format Run Options Windows Help 


Enter Python Code Here 


wel 


IL Ln: 1 [Col: 0 


Figure 1.22 Python script mode 
You can write a series of instructions in this window and then run it to view the output. 


1.6.1. Writing the First Python Program in Script Mode 


Use the following steps to create and run your first Python program. 


© STEP 1: Writing Python code in script mode 
Let us consider a simple program to print the messages “Hello Welcome to Python”, 
“Awesome Python!” and “Bye” on the console. The statements needed to print these 
are 


print(*Hello Welcome to Python’) 
print(‘Awesome Python!”) 


Once you write the above statements in Python script mode, they will look like as 
given in Figure 1.23. 


(| & *Untitled* 
File Edit 


Options Windows Help 


Format Run 
print (' i 
print (‘Aw 
print ('Bye' 


Series of 
Python 

Commands in 
Script Mode 


Figure 1.23 Writing program in Python script mode 
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© STEP 2: Save the above code written in script mode by some name. 


In Figure 1.23 we can see the name *Untitled. If you don’t save the above code by some specific 
name, then by default the Python interpreter will save it using the name Untitled.py. In this name, 
py indicates that the code is written in Python. The * in front of Untitled indicates that the program 
has not been saved. To identify the purpose of a program, you should give it a proper name. Follow 
the steps given below to save the above program. 


© STEP 1: Click on File and then click on Save or press Ctrl+S. Then you will see the default 


installation folder (Python34) to save the file (Figure 1.24). 


T 
b& Save As x9 
Save in: | j) Python34 x] « © ex Esv 
= Name z Date modified Type * 
ay 3 | 
)) _pycache_ 17/09/20161:12 PM _ File fol| 2 
), DLLs 18/09/2016 6:55PM File foll r 
a }) Doc 18/09/2016 6:55PM File fol — 
Desktop }, Documents 04/12/2014 3:06 PM _ File fol 
a ), include 18/09/2016 6:55PM File fol 
mal j) Lib 18/09/2016 6:54 PM File fol 
Libraries )) libs 18/09/2016 6:55PM File fol 
ly }, My_Programs 18/09/2016 7:30PM File fol 
= )) openpyxl-2.4.1 12/12/2016 3:02 PM _ File fol 
ag }) Python_MY_Book 19/03/2016 12:26... File fol 
ta i Scripts 18/09/2016 6:56 PM__ File fol 
Nets: )) tel 18/09/2016 6:55PM File fol 
4. Tools _18/09/2016 6:54 PM__ File fol ~ 
«| um * r 
File name: |[MyFirst Program v | Save 
Save as type: Python files (“.py.”.pyw) 4 Cancel | yj 


Figure 1.24 Saving a Python program 


© STEP 2: 


Write the name of your Python program. As it is your first Python program, you can 
save it as MyFirstProgram. Once you write the name of the file, click on Save. After the 
name is saved, it will get displayed on title bar of the Python script window as shown 
in Figure 1.25. 


Co MyFirstProgram.py - C:/Python34/MyFirstProgram.py (3.4.2) 
File Edit Format’ Run Options Windows Help 


Name of 
Your First 


print ('Hello Welcome to Python' 
print (‘Awesome Pyth 
print ('Bye') 


Figure 1.25 File name appearing on the title bar 
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© STEP 3: Executing a Python program: A Python program is executed only after it is saved with 
a specific file name. Thus, to run the above Python program, click on Run and then 
Run Module as shown in Figure 1.26. Alternatively, you can also press Ctrl+F5 to run 
the program. 


| & MyFirstProgram.py - C:/Python34/MyFirstProgram.py (3.4.2) 


Check Module Alt+X 


Figure 1.26 Executing a Python program 


After clicking on Run Module you will see the output of the program if it is written 
correctly (Figure 1.27). 


§ & Python 3.4.2 Shell 
File Edit Shell Debug Options Windows Help 


Python 3.4.2 (v3.4.2:ab2c023a9432, Oct 6-2014, 22:45: 
tel)j on win32 

Type “copyright”, “credits” or “™"license()™ for more in 
>> EE ess RESTART sees 
>>> 

Hello Welcome to Python 

Awesome Python! 

Bye 

>>> 


Figure 1.27 Output of a Python program in Python IDLE’s interactive shell prompt 


@ Note: Hereafter all the Python programs given as examples in the forthcoming chapters of this book are 
executed in Python 3.4 IDLE’s script mode. 


1.7 COMMENTING IN PYTHON 


Comments in Python are preceded by a hash symbol (#) ona line and called a line comment. Three 
consecutive single quotation marks “’ are used to give multiple comments or comments on several 
lines at once and called paragraph comment. 

When the Python interpreter sees #, it ignores all the text after # on the same line. Similarly, 
when it sees the triple quotation marks ”’ it scans for the next “” and ignores any text in between 
the triple quotation marks. 

The following program demonstrates the use of comment statements in Python. 


wy 


#Learn How to Comment in Python 


print(‘I Learnt How to Comment in Python’) 
‘' Amazing tool 

in Python called Comment’’’ 

print (‘Bye’) 
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Output 
I Learnt How to Comment in Python 
Bye 


Explanation As explained above, Python ignores all the text in a statement if it is preceded by the 
# symbol. When the above program is executed, it ignores all the text followed by the # symbol and 
triple quotation marks. 


1.8 INTERNAL WORKING OF PYTHON 


When a programmer tries to run a Python code as a script or instructions in an interactive manner 
in a Python shell, then Python performs various operations internally. All such internal operations 
can be broken down into a series of steps as shown in Figure 1.28. 


Python Code 1 f 
>! 


; Syntax Checker and Translator ——- 
EE Ie ee PST AER CA 25 I 
Byte Code | 
Input heer aes hoe hat tye = “yar ee i 
SS Python Virtual Machine (PVM) — 


Program Output 


Figure 1.28 Internal working of Python 


The Python interpreter performs the following steps to execute a Python program or run a set 
of instructions in interactive mode. 


© STEP 1: The interpreter reads a Python code or instruction. Then it verifies that the instruction 
is well formatted, i.e. it checks the syntax of each line. If it encounters any error, it 
immediately halts the translation and shows an error message. 


© STEP 2: If there is no error, i.e. if the Python instruction or code is well formatted then the 
interpreter translates it into its equivalent form in low level language called “Byte 
Code”. Thus, after successful execution of Python script or code, it is completely 
translated into byte code. 


© STEP 3: Byte code is sent to the Python Virtual Machine (PVM). Here again the byte code is 
executed on PVM. If an error occurs during this execution then the execution is halted 
with an error message. 


1.9 PYTHON IMPLEMENTATIONS 


The standard implementation of Python is usually called “CPython”. It is the default and widely 
used implementation of the Python programming language. It is written in C. Besides C, there are 
different implementation alternatives of Python, such as Jython, IronPython, Stackless and PypY. 
All these Python implementations have specific purposes and roles. All of them make use of simple 
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Python language but execute programs in different ways. Different Python implementations are 
briefly explained ahead. 


1.9.1. Jython 


Originally, Jython was known as “JPython”. JPython takes Python programming language syntax 
and enables it to run on the Java platform. In short, it is used to run Python programs on Java 
platforms. More details about JPython can be found at http://jPython.org. 


1.9.2 IronPython 


IronPython is an open source implementation of Python for the .NET framework. It uses dynamic 
language runtime (DLR), which is a framework for writing dynamic languages for .net. A major 
use of IronPython is to embed .net applications. More details about IronPython can be found at 
http://ironpythonPython.net. 


1.9.3 Stackless Python 


It is a Python programming language interpreter. If you run a program on Stackless Python 
environment then the running program is split into multithreads. The best thing about 
mutilthreads in Stackless Python is the handling of multithreads, which are managed by the 
language interpreter itself and not by the operating system. More details about Stackless Python 
can be found at http://www.stackless.com. 


1.9.4 PyPy 


The PyPy is a reimplementation of Python in Python. In short, the Python interpreter is itself 
written in Python. It focuses on speed, efficiency and compatibility. It makes use of Just-in-Time 
compiler (JIT) to run the code more quickly as compared to running the same code in regular 
Python language. More details about PyPy Python can be found at http://pypy.org. 


SUMMARY 
ee 


¢ Acomputer is an electronic device which accepts data from a user, processes it for calculations specified 
by the user and generates an output. 


¢ The hardware of a computer system consists of three main components, viz. input/output (I/O) unit, 
central processing unit (CPU) and memory unit. 


¢ A program written in 1s and 0s is called machine language. 


¢ In assembly languages, machine operations are represented by mnemonic codes such as ADD, MUL, 
etc. and symbolic names that specify the memory address. 

¢ Programs written in high-level languages are similar to instructions written in English language. 

¢ An assembler is used to translate an assembly language program into an equivalent machine 
language program. 

¢ An interpreter or compiler is used to translate a program written in a high-level language into an 
equivalent machine code for execution. 

¢ Aninterpreter reads the source code line by line and converts it into object code. 
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¢ A compiler is a software which translates an entire program written in a high-level language into 
machine language at one go. 


¢ A loader is a software used to load and relocate the executable program in the main memory during 
execution. 


¢ Python is a general purpose, interpreted and objects oriented programming language. 

¢ You can enter Python statements interactively from the Python prompt >>>. 

¢ Python source programs are case sensitive. 

¢ The #symbol is used to comment a single line in Python. 

¢ Triple single quotation “’ marks are used to comment multiple lines in Python. 

¢ Python programs can be executed on any operating system like Windows, Linux or Ubntu. 


Pes KEY TERMS 

=> Assembly Language: Machine operations are represented by mnemonic code 

= Byte Code: The Python interpreter translates Python codes/instructions into their equivalent low level 
language 

= Central Processing Unit (CPU): It consists of Arithmetic Logical Unit and Control Unit 

> High-level Language: Programs are written in a manner similar to writing instructions in English 
language 

= Jython, IronPython, Stackless, PyPy: Different implementation alternatives of Python 

=> Machine Language: Instructions are written in binary form, i.e. 0s and 1s 

= Python Virtual Machine (PVM): Used to check if the object code contains errors 


REVIEW QUESTIONS 
ee 


A. Multiple Choice Questions 


1. Which of the following memory is used to store temporary results in registers when the computation 
is in progress? 


a. Primary Memory b. Secondary Memory 
c. Internal Memory d. None of the above 
2. Secondary memory is also called 
a. Storage Memory b. External Memory 
c. Onlyb d. Botha and b 
3. _____ is used to translate a program written in a high-level language into its equivalent machine 
code. 
a. Compiler b. Linker 
c. Loader d. Botha and b 
4. ______is used to relocate executable programs to the main memory during execution. 
a. Linker b. Compiler 
c. Interpreter d. Loader 


5. What is the correct syntax for the print statement in Python 3.0? 
a. print() b. print 
c. print () d. None of the above 
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6. Which of the following symbols is used to make single line comments in Python? 
a. # ‘Der 
eo d & 


B. True or False 


Python is not case sensitive. 
We can execute Python on Windows. 
We cannot comment on multiple lines in a Python program. 


Pon bP 


An assembler is used to translate an assembly language program into its equivalent machine language 
program. 


5. Python is an interpreted language. 


C. Exercise Questions 


Explain the classification of programming languages in brief. 
What is a compiler? 

What is an interpreter? 

Differentiate between a compiler and an interpreter. 

What is a linker? 

What is a loader? 

Explain the internal working of Python in brief. 


De SDN SOT AR Oe I eS 


Describe the memory unit of a computer system in brief. 


PROGRAMMING ASSIGNMENTS 


1. Write a program to display the statement given below in two different lines. 
“I am using Python” and “It’s my First Assignment” 
2. Write a program to display the statements given below. 


ohhh!!! 
What a Python language is!!! 
It’s Easy!Get Started 


3. Write a program to display the pattern given below. 
A 


A A 
A A 
A A 
4, Write a program to display the pattern given below. 
00000 
0 0) 
0) 0 
0 0) 


00000 
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CHAPTER OUTLINE 
2.1 Introduction 2.7 Multiple Assignments 
2.2 Python Character Set 2.8 Writing Simple Programs in Python 
2.3 Token 2.9 The input() Function 
2.4 Python Core Data Type 2.10 The eva1() Function 
2.5 The print() Function 2.11 Formatting Number and Strings 
2.6 Assigning Value to a Variable 2.12 Python Inbuilt Functions 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


Describe keywords, delimiters, literals, operators and identifiers supported by Python 
Read data from the console using input function 
Assign value or data to a variable and multiple values to multiple variables at a time 


Use ord function to obtain a numeric code for a given character value, chr function to convert numeric 
value to a character and str function to convert numbers to a string 


Format strings and numbers using the format function 


Identify and use various in-built math functions supported by Python 
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2.1 INTRODUCTION 


Computer programming languages are designed to process different kinds of data, viz. numbers, 
characters and strings in the form of digits, alphabets, symbols etc. to get a meaningful output 
known as result or information. Thus, program written in any programming language consists of 
a set of instructions or statements which executes a specific task in a sequential form. Whereas all 
these instructions are written using specific words and symbols according to syntax rules or the 
grammar of a language. Hence, every programmer should know the rules, i.e. syntax supported by 
language for the proper execution of a program. 

This chapter describes basics of python programming, i.e. syntax, data types, identifiers, tokens, 
and how to read values from the user using input function, etc. 


2.2 PYTHON CHARACTER SET 


Any program written in Python contains words or statements which follow a sequence of 
characters. When these characters are submitted to the Python interpreter, they are interpreted or 
uniquely identified in various contexts, such as characters, identifiers, names or constants. Python 
uses the following character set: 


e Letters: Upper case and lower case letters 

¢ Digits: 0,1,2,3,4,5,6,7,8,9 

¢ Special Symbols: Underscore (_), (), LI], U) +7 * & % %, $, #, |, Single quote(’), Double quotes(“), 
Back slash(\), Colon(:), and Semi Colon (;) 

¢ White Spaces: (‘\t\n\x0b\x0c\r’), Space, Tab. 


2.3 TOKEN 


A program in Python contains a sequence of instructions. Python breaks each statement into a 
sequence of lexical components known as tokens. Each token corresponds to a substring of a 
statement. Python contains various types of tokens. Figure 2.1 shows the list of tokens supported 
by Python. 


Python Tokens 


Keywords Identifiers/Variables Operators Delimiters Literals 


Figure 2.1 Tokens in Python 


Details for all the tokens are given next. 
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2.3.1 Literal 


Literals are numbers or strings or characters that appear directly in a program. A list of some 
literals in Python is as follows: 


Example 

78 #Integer Literal 

21.98 #Floating Point Literal 
‘Q’ #Character Literal 
“Hello” #String Literal 


Python also contains other literals, such as lists, tuple and dictionary. Details of all such literals 
are given in the forthcoming chapters. 


Display Literals in Interactive Mode 


Let us consider a simple example. Print the message “Hello World” as a string literal in Python 
interactive mode. 


Example 


>>> ‘Hello World’ 
‘Hello World’ 


As shown above, type Hello World in interactive mode and press enter. Immediately after 
pressing enter you will see the required message. 


2.3.2 Value and Type on Literals 


Programming languages contain data in terms of input and output and any kind of data can 
be presented in terms of value. Here value can be of any form like literals containing numbers, 
characters and strings. 

You may have noticed that in the previous example we wrote ‘Hello World’ in single quotes. 
However, we don’t know the type of value in it. To know the exact type of any value, Python offers 
an in-built method called type. 


The syntax to know the type of any value is type (value) 
Example 


>>> type(‘Hello World’) 
<class ‘str’> 
>>> type(123) 


<class ‘int’> 


Thus, when the above examples are executed in Python interactive mode, return type of value 
is passed to the in-built function type (). 
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2.3.3 Keywords 


Keywords are reserved words with fixed meanings assigned to them. Keywords cannot be used as 
identifiers or variables. Table 2.1. shows the complete list of keywords supported by Python. 


Table 2.1 List of Python keywords for Python version 3.0 


and del from None True 
as elif global nonlocal try 
assert else if not while 
break except import or with 
class False in pass yield 
continue finally is raise 

def for lambda return 


2.3.4 Operator 


Python contains various operators, viz. arithmetic, relational, logical and bitwise operators, as 
shown in Table 2.2. 


Table 2.2 Operators in Python 


Operator Type Operators 

pee Hl Yo? Arithmetic Operator 
== fe <> <= >= Relational Operator 
and not or Logical Operator 

& | ~*% <<>> Bitwise Operator 


Details about Python operators like operators and expressions are given in Chapter 3. 


2.3.5 Delimiter 


Delimiters are symbols that perform a special role in Python like grouping, punctuation and 
assignment. Python uses the following symbols and symbol combinations as delimiters. 


2.3.6 Identifier/Variable 


Identifier is the name used to find a variable, function, class or other objects. All identifiers must 
obey the following rules. 


An identifier: 
e Isa sequence of characters that consists of letters, digits and underscore 
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Can be of any length 


Starts with a letter which can be either lower or upper case 

e Can start with an underscore ‘_’ 

e Cannot start with a digit 

e Cannot be a keyword. 

Some examples of valid identifiers are Name, Roll_NO, A1, _Address ete. 

Python gives a syntax error if a programmer writes an invalid identifier. Some examples of 
invalid identifiers are First Name, 12Name, for, Salary@ 

If we type the invalid identifiers given above in Python interactive shell, it will show an error 
as these are invalid. 


Example 


>>> First Name 

SyntaxError: invalid syntax 
>>> 12Name 

SyntaxError: invalid syntax 
>>> for 


SyntaxError: invalid syntax 


2.4 PYTHON CORE DATA TYPE 


All features in Python are associated with an object. It is one of the primitive elements of Python. 
Further, all kinds of objects are classified into types. One of the easiest types to work with is 
numbers, and the native data types supported by Python are string, integer, floating point numbers 
and complex numbers. 


The following section details the basic data types supported by Python. 


2.4.1 Integer 


From simple Mathematics, we know that an integer is a combination of positive and negative 
numbers including (zero) 0. In a program, integer literals are written without commas and a 
leading minus sign to indicate a negative value. Following is an example of simple integer literals 
displayed in Python interactive mode. 


Example 


>>> 10 

10 

>>> 1220303 
1220303 

>>> -87 


-87 
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Integer literals can be octal or hexadecimal in format. All the above examples are of decimal 
type integers. Decimal integers or literals are represented by a sequence of digits in which the first 
digit is non-zero. To represent an octal, 00, i.e. a zero and a lower or upper case letter O followed by 
a sequence of digits from 0 to 7 is used. An example of octal literals is given as follows. 


Example 


>>> 0012 
10 

>>> 00100 
64 


Note: In Python version 2.6 or earlier, octal literals were represented by the leading letter O, followed 
by a sequence of digits. In Python 3.0, octal literals have to be accompanied by a leading Oo, i.e. a 


zero and a lower or upper case letter O. 


In the previous section, we have learnt about representation of numbers as default decimal 
(base 10) notation and octal (base 8) notation. Similarly, numbers can also be represented as 
hexadecimal (base 16) notation using Ox (zero and the letter X) followed by a sequence of digits. 
Simple examples of hexadecimal literals displayed in Python interactive mode are given as follows: 


Example 


>>> 0x20 
32 
>>> 0x33 
51 


Note: Integer in Python 2.6 (int and long)—In Python 2.6 there are two types of integers. One of 
32 bits and another having unlimited precession. Python 2.6 automatically converts integers to long 
integers if the value of the integer overflows 32 bits. 


Integers in Python 3.0 (Only int type)—In Python 3.0 the normal int and long integer have been 
merged. Hence, there is only one type called integer. 


The int Function 


The int function converts a string or a number into a whole number to integer. The int function 
removes everything after the decimal point. Consider the following example. 


Example 


>>> int(12.456) 
12 


The following example converts a string to an integer. 


Example 


>>> int(‘123’) 
123 
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The value of 1 (3.14) is an example of a real number in mathematics. It consists of a whole number, 
decimal point and fractional part. The length of real numbers has infinite precession, i.e. the digits 
in the fractional part can continue forever. Thus, Python uses floating point numbers to represent 
real numbers. A floating-point number can be written using a decimal notation or scientific 
notation. Some examples of floating point numbers displayed in Python interactive mode are 
given as follows: 


Example 


>>> 3.7el 
3:70 

S350 3:7 
35:7 

>>> 3.7*10 
37.0 


The above example shows the representation of floating point number 37.0 in both decimal and 
scientific manner. Scientific notations are very helpful because they help programmers to represent 
very large numbers. Table 2.3 shows decimal notations in scientific notation format. 


Table 2.3. Example of floating point numbers 


Decimal Notation Scientific Notation Meaning 
2.34 2.34e0 23410" 
23.4 2.34e1 2.34 * 10" 
234.0 2.34e2 2.34 * 10° 


The float Function 


The float function converts a string into a floating-point number. A programmer can make use 
of float to convert string into float. Consider the following example. 


Example 


>>>float (‘10.23’) 
10.23 


2.4.3 Complex Number 


A complex number is a number that can be expressed in the form a+bj, where a and b are real 
numbers and j is an imaginary unit. Simple example of complex numbers displayed in Python 
interactive mode is given as follows: 


Example 


>>> 2445 
(2+43) 
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>>> type(2+4)j) 
<class ‘complex’> 
>>> OF 

94 

>>> type(9j) 
<class ‘complex’> 


Here we have written a simple kind of complex number and using type we have checked the type 
of the number. 


2.4.4 Boolean Type 


The Boolean data type is represented in Python as type bool. It is a primitive data type having one 
of the two values, viz. True or False. Internally, the True value is represented as 1 and False as 0. In 
the following example check the type of True and False value in Python interactive mode. 


>>> type(True) 
<class ‘bool’> 
>>> False 
False 

>>> type(False) 


<class ‘bool’> 


The Boolean type is used to compare the two values. For example, when relational operators, 
such as ==, !=, <=, >= are used in between two operands then it returns the value as True or False. 


Example 


aoe | a= 
False 
S>>. (5). 25 
True 

>>> 4 < 6 


True 


S>> 6> 3 


4 


True 


2.4.5 String Type 


A string literal or string in Python can be created using single, double and triple quotes. A simple 
example of type as string is given as follows: 


Example 


>>> D = ‘Hello World’ 
>>> D 

‘Hello World’ 

>>> D="Good Bye” 
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>>> D 
‘Good Bye’ 
>>> Sentence 


‘Hello, How are you? Welcome to the world of Python Programming. It is just the 
beginning. Let us move on to the next topic.’ 


>>> Sentence 


‘Hello, How are you? Welcome to the world of Python Programming. It is just the 
beginning. Let us move on to the next topic.’ 


In the previous examples, we presented string literals in three different formats, viz. single 
quote, double quote and triple single quotes. The triple single quotes are used to write a multiline 
string. 


The str Function 


The str function is used to convert a number into a string. The following example illustrates the 
same. 

>>> 12.5 #Floating Point Number 

12.5 

>>> type(12.5) 

<class ‘float’> 

>>> str(12.5) #Convert floating point number to string 

V1.2 757 


The String Concatenation (+) Operator In both mathematics and programming, we make use 
of +’ operator to add two numbers. Similarly, +’ operator is used to concatenate two different 
strings. The following example illustrates the use of + operator on strings. 


>>> “Woooow” + “Python Programming” 
‘WoooowPython Programming’ #Concatenates two different strings 


2.5 THE print () FUNCTION 


In Python, a function is a group of statements that are put together to perform a specific task. The 
task of print function is to display the contents on the screen. The syntax of print function is: 


Syntax of print() function: 
print (argument) 
The argument of the print function can be a value of any type int, str, float etc. It can also be 


a value stored ina variable. Simple examples of print() function executed in interactive mode of 
Python are given as follows: 


Example 
Display messages using print () 


>>> print('Hello Welcome to Python Programming’) 


Hello Welcome to Python Programming 
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>>> print (10000) 
10000 
>>>print(“Display String Demo”) 


Display String Demo 
Suppose you want to print a message with quotation marks in the output as 


print(“The flight attendant asked, “May I see your boarding pass?”) 


If you try to run the above statement as is, Python will show an error. For Python, the second 
quotation mark is the end of the string and hence it does not know what to do with the rest of the 
characters. To overcome this problem Python has a special notation to represent a special character. 
This special notation consists of a backslash (\) followed by a letter or a combination of digits and 
is called an escape sequence. Using backslash, the special characters within print can be written 
as shown below. 


Example 


>>> print(“The flight attendant asked,\"”May I see your boarding pass?\” “) 
The flight attendant asked, “May I see your boarding pass?” 


In the above example, we have used backslash before the quotation marks to display the 
quotation marks in the output. 


Table 2.4 illustrates a list of escape sequences used in Python. 


Table 2.4 Python escape sequences 


Character Escape Sequence Name 

NG Single Quote 

\" Double Quote 
\n Linefeed 

\f Formfeed 

\r Carriage return 
\t Tab 

\\ Backslash 

\b Backspace 


) Note: The syntax of print function is different in Python 2.X. It is 
print arguments 
Python 2.X does not use an additional parenthesis. If you try to execute the print statement without 
parenthesis, unlike Python 3, it will raise a syntax error. 
Example: 
>>> print ‘Hello World’ 
Syntax Error: Missing parentheses in call to ‘print’ 


(Contd.) 
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Python programs are case sensitive. Python raises an error if a programmer tries to replace print by 
Print. 
Example: 

>>> Print(‘hi’) 

Traceback (most recent call last): 

File “<pyshell#3>”", line 1, in <module> 

Print (‘hi’) 


NameError: name ‘Print’ is not defined 


2.5.1 The print () Function with end Argument 


Consider a simple program of a print statement. 


PROGRAM 2.1 Write a program to display the messages Hello , “World” and “Good Bye”. Each of the three 
messages should get displayed on a different line. 


jonealiane. (1Ste\iL Ike)” }} 
print (‘World’ ) 
print (‘Good Bye’ ) 


Output 


Hello 
World 
Good Bye 


In the above program, we have displayed each message in a different line. In short, the print 
function automatically prints a linefeed (\n) to cause the output to advance to the next line. 
However, if you want to display the messages “Hello” “World” and “Good Bye” in one line 
without using a single print statement, then you can invoke the print function by passing a special 
argument named end=’ ’. The following program illustrates the use of the end argument within 
the print function. 


PROGRAM 2.2] Write o basic program to make use of the end key and display the messages “Hello” “World 
and “Good Bye” in one line. 


jorealiaie (% ieilile” ,éiacl="” )) 
joxcalinic ((* \wereikel’ ,Eiavel=” »)) 
print (‘ Good Bye’) 


Output 


Hello World Good Bye 
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2.6 ASSIGNING VALUE TO A VARIABLE 


In Python, the equal sign (=) is used as the assignment operator. The statement for assigning a 
value to a variable is called an assignment statement. The syntax used to assign value to a variable 
or identifier is: 
Variable = expression 

In the above syntax, expression may contain information in terms of values, even some time 
expression may contain operands with operators which evaluates to a value. 

Let us consider the following example of assigning and displaying the value of a variable in 
Python interactive mode. 


Example 

>>> Z=l # Assign value 1 to variable Z 

>>> Z # Display value of Z 

1 

>>> radius = 5 #Assign value 5 to the variable radius 
>>> radius #Display value of variable radius 

5 

>>> R = radius + Z #Assign the addition of radius and Z to R 
>>> R #Display value of Variable R 

6 

>>> E =(5 + 10 * (10 + 5)) #Assign the value of the expression to E 
>>> E 

155 


This example explains how a variable can be used to assign a value and how a variable can be 
used on both the sides of = operator. As given in the above example: 
R= radius + Z 
In the above assignment statement, the result of radius+Z is assigned to R. Initially the value 
assigned to Z is 1. Once Python executes the above statement, it adds the most recent value of Z and 
assigns the final value to a variable R. 


Note: To assign a value to a variable, you must place the variable name to the left of the assignment 
operator. If you write in the following manner, Python will display an error. 

>>> 10 = X 

Syntax Error: can’t assign to literal 


In Mathematics, E = (5 + 10 * (10 + 5)), denotes an equation, but in Python E = (5 + 10 * (10 + 5)) is 


an assignment statement that evaluates the expression and assigns the result to E. 


2.6.1 More on Assigning Values to Variables 


Consider the following example where a value has been assigned to multiple variables. 
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Example 

>>> P =Q = R = 100 #Assign 100 to P, Q and R 
>>> P #Display value of Variable P 
100 

>>> Q #Display value of Variable Q 
100 

>>> R #Display Value of Variable R 
100 


In the above example, we have assigned value 100 to P, Q and R. The statement P = Q = R = 100 
is equivalent to 
P=100 
Q = 100 
R= 100 


2.6.2 Scope of a Variable 


Each variable has a scope. The scope of a variable is a part of the program where a variable can 
be referenced. More details on scope of variables are given in Chapter 6. Consider the following 
simple example and run it on Python interpreter. 


>>> C = Count + 1 
Traceback (most recent call last): 
File “<pyshell#9>”", line 1, in <module> 
C = Count + 1 


NameError: name ‘Count’ is not defined 


In the above example, we have written a statement as C = Count + 1, but when Python tries to 
execute the above statement it raises an error, viz. “Count is not defined”. To fix the above error 
in Python the variable must be assigned some value before it is used in an expression. Thus, the 
correct version of the above code written in Python interactive mode is as given as follows: 


>>> Count = 1 

>>> C = Count + 1 
>>> C 

2 


| co) Note: A variable must be assigned a value before it can be used in an expression. 


2.7 MULTIPLE ASSIGNMENTS 


Python supports simultaneous assignment to multiple variables. The syntax of multiple 
assignments is 


Varl, Var2, Vara, rss = EXpl1, ExXp2, EXP3,  cssssssssssee EXxpN 
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In the above syntax, Python simultaneously evaluates all the expressions on the right and 
assigns them to a corresponding variable on the left. 

Consider the following statements to swap the values of the two variables P and Q. The common 
approach to swap the contents of the two variables is shown as follows: 


Example 


>>> P = 20 

>>> Q = 30 

>>> Temp = P #Save value of variable P into a variable Temp 
>>> P=Q #Assign value of Q to P 

>>> Q = Temp #Assign the value of Temp to Q 
#After Swapping the value of P, and Q are as follows. 
>>> P 

30 

>>> 

>>> Q 

20 


In the above code, we have used the following statements to swap the values of the two variables 
PandQ. 
Temp = P 
P=Q 
Q = Temp 


However, by using the concept of multiple assignment, you can simplify the task of swapping 
two numbers. 


>>> P, Q=Q, P #Swap P with Q & Q with P 


Thus, the entire code to swap two numbers using multiple assignment is as follows: 


>>> P = 20 #Initial Values of P and Q 
>>> Q = 30 

>>> P 

20 

>>> Q 

30 

>>> P, Q = Q, P#Swap values of P and Q 
>>> P #Display value of P 
30 

>>> Q #Display Value of Q 
20 
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2.8 WRITING SIMPLE PROGRAMS IN PYTHON 


How can a simple program to calculate the area of a rectangle be written in Python? 


We know that a program is written in a step-wise manner. Consider the initial steps given as 


follows:. 


© STEP 1: Design an algorithm for the given problem. 


An algorithm describes how a problem is to be solved by listing all the actions that 
need to be taken. It also describes the order in which the series of actions need to be 
carried out. An algorithm helps a programmer to plan for the program before actually 
writing it in a programming language. Algorithms are written in simple English 


language along with some programming code. 


© STEP 2: Translate an algorithm to programming instructions or code. 


Let us now write an algorithm to calculate the area of a rectangle. 
Algorithm to Calculate the Area of a Rectangle 


a. Get the length and breadth of the rectangle from the user. 
b. Use the relevant formula to calculate the area 


Area = Length * Breadth 


c. Finally display the area of the rectangle. 
This algorithm can be written as code as shown in program 2.3. 


PROGRAM 2.3 | Write a program to calculate the area of a rectangle. 


Length = 10 

breadth = 20 

print(*‘ Length = ‘,length,’ Breadth = ‘,breadth) 
area = length * breadth 


print(*’ Area of Rectangle is = ‘,area) 


Output 


length = 20 Breadth = 20 
Area of Rectangle is = 200 


Explanation In the above program, two variables, viz. length and breadth are initialized with 
values 10 and 20, respectively. The statement area = length x breadth is used to compute the area 


of the rectangle. 


Here the values of the variables are fixed. However, a user may want to calculate the area of 
different rectangles with different dimensions in future. In order to get the values according to 
the user’s choice, a programmer must know how to read the input values from the console. This is 


described in the next section. 
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2.9 THE input () FUNCTION 


The input() function is used to accept an input from a user. A programmer can ask a user to input 
a value by making use of input (). 


input() function is used to assign a value to a variable. 


Syntax 
Variable Name = input () 
OR 
Variable Name = input (‘String’) 


2.9.1 Reading String from the Console 


A simple program of input() function to read strings from the keyboard is given in Program 2.4. 


PROGRAM 2.4 | Write a program to read strings from the keyboard. 


Siaei S abayoyblic (“Mines Shevealayesil 9° } 
Sieie2 = aliayoywie((“wiajeese SiercimieAs ~*~) 


joncalione (* Sieiealsovel = “,, Shexeil)) 
jonealinie (* Steele 2 = “,Sicie2)) 
Output 


Enter Stringl:Hello 

Enter String2: Welcome to Python Programming 
Stringl = Hello 
String2 = Welcome to Python Programming 


Explanation The input() function is used to read the string from the user. The string values 
entered from the user are stored in two separate variables, viz. Str1 and Str2. Finally all the values 
are printed by making use of print() function. 


Let us also check what happens if by mistake the user enters digits instead of characters. 
Program 2.5 illustrates the same. 


PROGRAM 2.5 | Write a program to enter digits instead of characters. 


print(‘ Please Enter the Number:’) 
x = aliayeywne. (()) 

print(* Entered Number is: ‘,X) 
jsneakiole (* “Wyo ONE X€ aifeye?) 


print (type (X) ) 


(Contd.) 
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Output 


Please Enter the number: 
60 

Entered Number is: 60 
Type of X is: 


e@llesisy “piers! S 


Explanation We know that Python executes statements sequentially. Hence, in the above program 
the first print statement is printed, ie. ‘Please Enter the Number.’ But when it runs the second 
statement, i.e. X = input() the programming execution stops and waits for the user to type the 
text using the keyboard. The text that the user types is not committed until he/she presses Enter. 
Once the user enters some text from the keyboard, the value gets stored in an associated variable. 
Finally, the entered value is printed on the console. The last statement is used to check the type of 
value entered. 


Note: The input function produces only string. Therefore, in the above program even if the user enters a 
numeric, i.e. integer value, Python returns the type of input value as string. 


In the above program, how does a programmer read integer values using the input function? 


Python has provided an alternative mechanism to convert existing string to int. A programmer 
can use int to convert a string of digits into an integer. Program 2.6 illustrates the use of int and 
input (). 


PROGRAM 2.6 | Write a program to demonstrate the use of int and input function. 


print (‘ Please Enter Number’ ) 


Num1l = input () #Get input from user 
print (*‘ Numl1 = ‘,Num1) #Print value of Numl 
print (type (Num1) ) #Check type of Num1l 
print (‘ Converting type of Numi to int ‘) 

Numl = int (Num1) #Convert type of Numl from str to int 
print (Num1) #print the value of Numl 
print (type (Num1) ) #Check type of Num1l 
Output 

Please Enter Number 

12 

Mind S12 


<class ‘str’> 
Converting type of Numl1 to int 
AL) 


<class ‘int’> 
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Explanation The above program asks the user for input. The user has entered the input as 12 but 
it is of type str. By making use of int, i.e. the statement Num1 = int(Num1), it converts the existing 
type to int. 


We can minimise the number of lines in a program directly by making use of int before input 
function. A shorter version of the above program is given in Program 2.7. 


PROGRAM 2.7 | Write a program to demonstrate the use of int before input. 


Num1l = int (input(‘ Please Enter Number:’) ) 
print (*‘ Numl = ‘,Numl1) #Print the value of Numl1 
print (type(Num1)) #Check type of Numl 


Output 


Please Enter Number: 
20 
Numl = 20 


reGulevsics “alinaie’ 


PROGRAM 2.8 Write a program to read the length and breadth of a rectangle from a user and display the area 
of the rectangle. 


print(‘ Enter Length of Rectangle:’, end=’ ‘) 
Length = int(input()) #Read Length of Rectangle 
jonealioe (“ iinleeie iuceyerclicla, out IWeciceimelleag”, Eiacl=? ~“) 


Breadth = int(input()) #Read Breadth of Rectangle 
Area = Length * Breadth #Compute Area of Rectangle 


print (‘----- Details of Rectangle------ #)) 
print(‘ Length = ‘,Length) #Display Length 
print(‘ Breadth = ‘,Breadth) #Display Breadth 
print(‘ Area of rectangle is :’,Area) 

Output 


Length = 10 
Breadth = 20 
Area of rectangle is: 200 
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Note: A programmer can make use of any type to convert the string into a specific type. 
Example: 

X = int (input () ) #Convert it to int 

X = float (input () ) #Convert it to float 


PROGRAM 2.9 | Write a program to add one integer and floating type number. 


print (‘Enter integer number: ‘,end='’) 
Numl = int(input()) # Read Num1 

print (‘Enter Floating type number:’,end=’’) 
Num2 = float (input()) #Read Num2 

print (*‘ Numberl = ‘,Num1) #Print Num1 
print (‘ Number2 =’,Num2) #Print Num2 

sum = Numl + Num2 #Calculate Sum 

print (*‘ sum = ‘,sum) #Display Sum 

Output 


Enter integer number: 2 

Enter Floating type number:2.5 
Numberl = 2 

Number2 = 2.5 


Sune ane 


Note: Python 3 uses input() method to read the input from the user. 

Python 2 uses raw _ input() method to read the input from the user. 

In subsequent programs in this chapter we are going fo use input() method only as all programs are 
executed in Python 3. 


2.10 THE eval () FUNCTION 


The full form of eval function is to evaluate. It takes a string as parameter and returns it as if it 
is a Python expression. For example, if we try to run the statement eval(‘print(“Hello”)’) in 
Python interactive mode, it will actually run the statement print (“Hello”). 


Example 


>>> eval (‘print (“Hello”)’) 
Hello 


The eval function takes a string and returns it in the type it is expected. The following example 
illustrates this concept. 
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Example 


>>> X = eval (‘123’) 
>>> X 

123 

>>> print (type (X) ) 


<class ‘int’> 


2.10.1 Apply eval () to input () Function 


In the previous section we learnt about the input () function in detail. We know that the input () 
function returns every input by the user as string, including numbers. And this problem was 
solved by making use of type before input() function. 


Example 
X = int (input(‘Enter the Number’ ) ) 


Once the above statement is executed, Python returns it into its respective type. 


By making use of eval1() function, we can avoid specifying a particular type in front of input () 
function. Thus, the above statement, 


X = int (input(‘Enter the Number’ ) ) 
can be written as: 


X = eval (input (‘Enter the Number’ ) ) 
With respective to the above statement, a programmer does not know what values a user can 
enter. He/she may enter a value of any type, ie. int, float, string, complex etc. By making 


use of eval, Python automatically determines the type of value entered by the user. Program 2.10 
demonstrates the use of eval(). 


PROGRAM 2.10 | Write a program to display details entered by a user, i.e. name, age, gender and height. 


Name = (input(‘Enter Name :’)) 

Age = eval(input(‘Enter Age :’)) #eval() determine input type 
Gender = (input(‘Enter gender: ’) ) 

Height = eval(input (‘Enter Height:’)) #eval() determine input type 
print (‘ User Details are as follows: ‘) 

print(‘ Name: ‘,Name) 

print (* Age: ‘,Age) 

print(‘ Gender: ‘,Gender) 


print (‘ Height ‘,Height) 


Output 


Enter Name: Donald Trump 


(Contd.) 
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Enter Age: 60 

Enter Gender: M 

Enter Height:5.9 

User details are as follows: 


Name: Donald Trump 
Age: 60 

Gender: M 

Height: 5.9 


Explanation In the above program we have used eval() in front of input() function as: 


Age = eval(input(‘Enter Age :’)) 


The above statement reads the input as a string and converts a string into a number. After the 
user enters a number and presses Enter, the number is read and assigned to a variable name. 


2.11 FORMATTING NUMBER AND STRINGS 


A formatting string helps make string look presentable to the user for printing. A programmer 
can make use of format function to return a formatted string. Consider the following example to 
calculate the area of a circle before using this function. 


PROGRAM 2.11 | Write a program to calculate the area of a circle. 


radius = int(input(‘Please Enter the Radius of Circle: ‘)) 


jouealioic (“ Rercliws = %, aeexclalivis))) #Print Radius 

Dil = 31428 #Initialize value of PI 
Area = PI * radius * radius #Calculate Area 

print(‘ Area of Circle is: ‘,Area) #Print Area 

Output 


Please Enter the Radius of Circle: 4 
Radius = 4 
Area of Circle is: 50.2848 


In the above program, the user entered the radius as 4. Thus, for a circle having radius 4, it has 
displayed the area as 50.2848. To display only two digits after the decimal point, make use of 
format() function. The syntax of format function is 


format (item, format-specifier) 


item is the number or string and format-specifier is a string that specifies how the item is formatted. 
A simple example of format() function executed in Python interactive mode is given as follows: 
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Example 

S>> x, = 1253897 #Assign value to variable x 
>>> print (x) # print x 

12.3897 

>>> format(x,” .2£"”) #Return formatted string 
V2.3 9" 


PROGRAM 2.12} Make use of format() function and display the area of a circle. 


radius = int(input(‘Please Enter the Radius of Circle: ‘)) 
jonealionc ((* ievcllius; = >, seevelaliuys})) 

Pig srk 28 

Area = PI * radius * radius 


jorealioie (“ AUREL IE Ciiccil@ ales “ , 1e@Ncinele (UNceeL,  . Die” )) ) 


Output 


Please Enter the Radius of Circle: 4 
Radius = 4 
Area of Circle is: 50.28 


In the above program, the statement, print (‘Area of Circle is: “format(Area,’.2f’)) is used to display 
the area of the circle. Within format function, Area is an item and “.2f’ is the format specifier which 
tells the Python interpreter to display only two digits after the decimal point. 


2.11.1 Formatting Floating Point Numbers 


If the item is a float value, we can make use of specifiers to give the width and precision. We can 
use format function in the form width.precisionf. Precision specifies the number of digits after 
the decimal point and width specifies the width of the resultant string. In width.precisionf ‘f’ is 
called conversion code. ‘f’ indicates the formatting for floating point numbers. Examples of floating 
point numbers are 


print (format (10.345,”10.2f”) ) 
print (format (10,”10.2f”) ) 
print (format (10.32245,"10.2f"”)) 


displays the output as follows: 


10.35 
10.00 
10.32 


In above example, print statement uses 10.2f as the format specifier. 10.2f is explained in detail 
in Fig. 2.2. 
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10 2 f 
Field width 


Precision 


Conversion code 


Figure 2.2 Format specifier details 


The actual representation of the above output is: 


K 10 > 

| 1 0 3 5 
| | 1 0 0 0 | 
| | 1 0 ; 3 2 | 


The gray box denotes a blank space. The decimal point is also counted as 1. 


2.11.2 Justifying Format 


By default, the integer number is right justified. You can insert < in the format specifier to specify 
an item to be left justified. The following example illustrates the use of right and left justification. 
Example 


>>>print (format (10.234566,"10.2f"”)) #Right Justification Example 
10.23 


>>> print (format (10.234566,"<10.2f”)) #Left Justification Example 
10.23 


The actual representation of the above output for left justification is: 


1 0 ae 3 
h« 10 >| 


2.11.3 Integer Formatting 


In case of integer formatting, you can make use of conversion code d and x. d indicates that the 
integer is to be formatted, whereas x specifies that the integer is formatted into a hexadecimal 
integer. The following example illustrates integer formatting. 


Example 


>>>print (format (20,”10x”) ) #Integer formatted to Hexadecimal Integer 
14 

>>> print (format (20,”<10x"”) ) 

14 
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>>> print (format (1234,"10d”) ) #Right Justification 
1234 


In the above example the statement print(format(20,”10x”)) converts the number 20 into a 
hexadecimal, i.e. 14. 


2.11.4 Formatting String 


A programmer can make use of conversion code s to format a string with a specified width. 
However, by default, string is left justified. Following are some examples of string formatting. 


Example 


>>> print (format (“Hello World!”,"25s") #Left Justification Example 
Hello World! 


>>>print (format (“HELLO WORLD!” ,"”>20s”) ) #String Right Justification 
HELLO WORLD! 


In the above example, the statement (format(“HELLO WORLD!”,”>20s”)) displays the output 
as: 


Pols fz [et ft Jo [ [wo [rR [t |p 
kK 20 > 


In print function 20 specifies the string to be formatted with a width of 20. In the second print 
statement, “>” is used for right justification of the given string. 
2.11.5 Formatting as a Percentage 


The conversion code % is used to format a number as a percentage. The following example 
illustrates the same. 


Example 

>>> print (format (0.31456,"10.2%") ) 
31.46% 

>>> print (format (3.1,”"10.2%") ) 
310.00% 

>>> print (format (1.765,”"10.2%"”) ) 
176.50% 


In the above example, the statement print(format(0.31456,”10.2%”)), contains the format 
specifier 10.2%. It causes the number to be multiplied by 100. The 10.2% denotes the integer to be 
formatted with a width of 10. In width, % is counted as one space. 
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2.11.6 Formatting Scientific Notation 


While formatting floating point numbers we have used the conversion code f. However, if we want 
to format a given floating point number in scientific notation then the conversion code e will be 
used. An example of formatting floating point numbers is given as follows: 


Example 

>>> print (format (31.2345,"10.2e”) ) 
3.12e+01 

>>> print (format (131.2345,"10.2e”) ) 
1.31e+02 


Most frequently used specifiers are shown in Table 2.5. 


Table 2.5 Frequently used specifiers 


Specifier Format 

10.2f Format floating point number with precision 2 and width 10. 
<10.2f Left Justify the floating point number. 

>10.2f Right Justify the formatted item. 

10X Format integer in hexadecimal with width 10 

20s Format String with width 20 

10.2% Format the number in decimal 


2.12 PYTHON INBUILT FUNCTIONS 


In the previous sections of this chapter we have learnt how to use the functions print, eval, input 
and int. We know that a function is a group of statements that performs a specific task. Apart from 
the above functions, Python supports various inbuilt functions as well. A list of all inbuilt functions 
supported by Python is given in Table 2.6. It provides the name of a function, its description and 
examples executed in Python interactive mode. 


Table 2.6 Inbuilt functions in Python 


Function Description 


abs (x) Returns absolute value of x 
Example 

>>> abs(-2) 

2 

>>> abs (4) 

4 


(Contd.) 
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max(x1, X2, X3,.......... ,XN) Returns largest value among X1, X2, X3, X4,... , XN 
Example: 

>>> max(10,20,30,40) 

40 

max(x1l, X2, X3............. ,XN) Returns minimum value among X1, X2, X3, X4,... , XN. 
pow(X, Y) Return the X* 

Example: 

>>> pow(2,3) 

8 

round (x) Returns an integer nearest to the value of x. 
Example: 

>>> round(10.34) 

10 

>>> round(10.89) 

BA 


Functions given in Table 2.6 are not enough to solve mathematical calculations. Thus, Python 
has an additional list of functions defined under Python’s math module to solve problems related 
to mathematical calculations. List of functions under the math module is given in Table 2.7. 


Table 2.7 Inbuilt mathematical functions in Python 


Function Example Description 

ceil (Xx) >>> math.ceil (10.23) Round X to nearest integer and returns that integer. 
abl 

floor (X) >>> math.floor (18.9) Returns the largest value not greater than X 
18 

exp (X) >>> math.exp (1) Returns the exponential value for e* 
2.718281828459045 

log (X) >>> math.log (2.71828) Returns the natural logarithmic of x (to base e) 
0.999999327347282 

log(x,base) >>> math.1log(8,2) Returns the logarithmic of x to the given base 
3.0) 

sqrt (X) >>>math.sqrt (9) Return the square root of x 
33:0 

Sin(X) >>> math.sin(3.14159/2) Return the sin of X, where X is the value in radians 
OL SISSo ISS IooVLgS 

asin(X) >>> math.asin(1) Return the angle in radians for the inverse of sine 
1.5707963267948966 

cos (X) >>> math.cos (0) Return the sin of X, where X is the value in radians 
at. 0) 

aCos (X) >>> math.acos (1) Return the angle in radians for the inverse of cosine 
0.0 


(Contd.) 
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tan(X) >>> math.tan(3.14/4) Return the tangent of X, where X is the value in radians 
0.9992039901050427 
degrees (X) >>> math.degrees (1.57) Convert angle X from to radians to degrees 


89.95437383553924 


Radians(X) >>> math. Convert angle x from degrees to radians 
radians (89.99999) 
LL SIVOPISG ISAACS) ILS) 


PROGRAM 2.13 | Write a program to calculate the hypotenuse of the right-angled triangle given as follows: 


4 
Hypotenuse = Square_Root {(Base)* + (Height)’} 
= Square_Root {(3)’ + (4)} 
=5 


import math #Import Math Module 

Base = int(input(‘Enter the base of a right-angled triangle:’) ) 
Height = int (input (‘Enter the height of a right-angled triangle:’) ) 
print(‘ Triangle details are as follows: ‘) 


print(‘ Base = ‘,Base) 

print (‘ Height = ‘,Height) 

Hypotenuse = math.sqrt (Base * Base + Height * Height ) 
print (‘ Hypotenuse =’ ,Hypotenuse) 

Output 


Enter the base of a right-angled triangle:3 
Enter the height of a right-angled triangle:4 
Triangle details are as follows: 

Bases — 33 

Height = 4 

Hypotenuse = 5.0 


Explanation In the above program, the first line ‘import math’ is used to include all in-built 
functions supported by Python under the math module. The input function is used to read the 
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base and height of the right-angled triangle. The statement math.sqrt is executed to find the square 
root of the number. Finally, print for the hypotenuse of the right-angled triangle is given. 


2.12.1 The ord and chr Functions 


As we know, a string is a sequence of characters. It can include both text and numbers. All these 
characters are stored in a computer as a sequence of 0s and 1s. Therefore, a process of mapping a 
character to its binary representation is called character encoding. 

There are different ways to encode a character. The encoding scheme decides the manner in which 
characters are encoded. The American Standard Code for Information Interchangeable (ASCII) is 
one of the most popular encoding schemes. It is a 7-bit encoding scheme for representation of all 
lower and upper case letters, digits and punctuation marks. The ASCII uses numbers from 0 to 127 
to represent all characters. Python uses the in-built function ord(ch) to return the ASCII value 
for a given character. The following example demonstrates the use of the in-built function ord(). 


Example 


>>> ord(‘A’) #Returns ASCII value of Character ‘A’ 
65 
>>> ord(‘Z’) #Returns ASCII Value of Character of ‘Z’ 
90 
>>> ord(‘a’) #Returns ASCII Value of Character of ‘a’ 
97 
>>> ord(‘z’) #Returns ASCII Value of Character of ‘z’ 
122 


The chr(Code) returns the character corresponding to its code, ie. the ASCII value. The 
following example demonstrates the use of in-built function chr (). 


Example 


>>> chr (90) 
Vt 
>>> chr (65) 


>>> chr (97) 


Soe Chr (122) 


TA 


PROGRAM 2.14 Write a pon to find ur difference between the ASCII code of any lower case letter and its 
corresponding upper case letter. 


Charl oy? 
Char2 1B)! 
print (‘Letter\tASCII Value’ ) 


(Contd.) 
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print (Char1,’\t’,ord(Char1) ) 

print (Char2,’\t’,ord(Char2) ) 

print (‘ Difference between ASCII value of two Letters:’) 
jouerliole, (@xatel (Clayaicil)) ," =" , creel (Cene?)) ,"=", Eiael=" %)) 

print (ord (Charl) -ord(Char2) ) 


Output 


Letter ASCII Value 

b 98 

B 66 

Difference between ASCII value of two Letters: 
M8 = OS = Bz 


Explanation In the above program, the letter ‘b’ is stored in variable Char1 and the letter ‘B’ is 
stored in variable Char2. The ord() function is used to find the ASCII value of the letters. Finally, 
the statement ord(Char1)- ord(Char2) is used to find the difference between the ASCII values of 
the two letters Char1 and Char2. 


SUMMARY 
ee 
¢ Python breaks each statement into a sequence of lexical components called tokens. 
¢ Literals are numbers, strings or characters that appear directly in a program. 
¢ Python offers an inbuilt method called type to know the exact type of any value. 
¢ Keywords are reserved words. 
¢ Keywords cannot be used as identifiers or variables. 
¢ An identifier is a name used to identify a variable, function, class or other objects. 
¢ Everything in Python is an object. 
¢ The int function converts a string or a number into a whole number or integer. 
¢ The float function converts a string into a floating-point number. 
¢ The Boolean data type is represented in Python as of type bool. 
¢ print function is used to display contents on the screen. 
¢ input() function is used to accept input from the user. 
¢ format() function can be used to return a formatted string. 


KEY TERMS 
ee 
chr (): Returns a character for a given ASCII value 
end(): Used as argument with print() function 
format (): Formats string and integer 
Identifier: Name to identify a variable 


GBF 
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Inbuilt Math Functions: abs(), max(), round(), ceil(), log(), exp(),sqrt(), sin(), 
asin(), acos(), atan(),cos(), degrees(), radians() and floor(). 

input (): Used to accept data from the user 

int(): Used to convert string or float into integer 

ord(): Returns ASCII value of a character 

print (): Prints contents on the screen 


str(): Used to convert a number into string 
type(): Used to know the exact type of any value 
Tokens: Breaks each statement into a sequence of lexical components 


REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. 


Which of the following is not a valid identifier? 
a. AL b. _A 
c. la d. 
Which of the following is an invalid statement? 
a. w,X,Y,Z = 1,00,000,0000 
c. WX Y Z=10 10 11 10 
Which of the following is not a complex number? 
a. A=142j b. B=complex(1,2) 
ce. C= 242i 
What is the output of the following statement? 
round(1.5)-round(-1.5) 
a. 1 b. 2 
c. 3 d. 4 
What is the output of the following statement? 
print (‘{:,}’.format(‘'100000’)) 
a. 1,00,000 b. 1,0,0,0,0,0 
c. 10,00,00,0 d. Error 
Which type of error will occur on executing the following statement? 


ray 


s 


WXYZ = 1,0,00,000 
W_X_Y = 1,100,1000 


oa 


a 


None of the above 


Name = MyName 
a. Syntax Error b. Name Error 
c. Type Error d. Value Error 
What is the output of following statement? 
Sum = 10 + 10’ 
a. 1010 20 
c. TypeError d. None of the above 


s 


What will be printed if we write print() statement as 
PriNt(“Hello Python!”) 
a. Hello Python Syntax Error 
c. Name Error d. Botha and b 


s 


9. 


10. 
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Which of the following is a valid input() statement? 
a. X = input(Enter number:) b. X = Input(Enter number:) 
c. X =input(‘Enter number:’) d. X = Input(‘Enter Number:’) 
What will be the output of the following statement if the user has entered 20 as the value of x. 
x = input(‘Enter Number:’) 


print (10+x) 
a. 1010 b. 20 
c. 30 d. Error 


B. True or False 


NO! OOS OY OU 0's PI 


RR 
S 


Python breaks each statement into a sequence of lexical components known as tokens. 
Keywords are tokens of Python. 

Operators are not a part of tokens. 

Python keywords do not have fixed meaning. 

Keywords can be used as identifiers or variables. 

Strings are part of literals. 

An identifier is a name used to identify a variable, function etc. 

Python classifies different kinds of objects into types. 

The float function converts a string into a whole integer number. 

The str function is used to convert a number into a string. 


C. Exercise Questions 


1. 


Which of the following identifiers are valid? 
Name, Roll_No , Sr.No, Roll-No, break, elif, DoB 


What will be the output of the following statements if all of them are executed in Python interactive 
mode? 


a. abs(-2) b. min(102,220,130) 
c. max(-1,-4,-10) d. max(‘A’’B’’Z’) 
e. max(‘a’’B/’Z’) f. round(1.6) 

g. math.ceil(1.2) h. math.floor(1.8) 
i. math.log(16,2) j- math.exp(1) 

k. math. 1. cos(math.pi) 
m. math.cos(math.pi) 


What will be the output of the following statements if all of them are executed in Python interactive 
mode? 


a. ord(‘a’) b. ord(‘F’) 
c. ord(‘f’) d. chr(97) 
e. chr(100) 


Identify the error in the following piece of code. Explain how you will fix it. 
Hum = 00" 
num2 = 20.65 


sum = numl + num2 
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print (sum) 


5. State the output of following statements. 


a. print(format(16,x’)) b. print(format(10,’x’)) 
c. print(format(10+10,x’)) d. print(format(10+ord(‘a’),’x’)) 
e. print(format(20,0’)) f. print(format(100,’b’)) 


g. print(format(10,’b’)) 
6. State the output of the following statements. 


a. print(format(‘Hello’’>2’)) b. print(format(‘Hello’’<2’)) 

c. print(format(‘Hello’’>4’)) d. print(format(‘Hello’’>20’)) 
7. State the output of the following statements. 

a. print(format(10,/>20’)) b. print(format(‘10’’<20’)) 


c. print(format(10.76121421431,"2f’)) . print(format(10.76121421431,f’)) 
8. Explain the use of end keyword with a suitable example. 


jon 


9. Explain character set supported by Python in detail. 
10. How are complex numbers displayed in interactive mode? Give an example. 
11. State the output of the following code. 
numl = ‘10’ 
num2 = ‘20’ 
sum = numl + num2 


print (sum) 


PROGRAMMING ASSIGNMENTS 


1. Write a program to print ‘F’ to ‘A’ in five different lines. 


2. Write a program to read and store the name of three different cities in three different 
variables and print all the contents of variables on the console. 


3. Write a program to prompt the user to enter and display their personal details, such as 
name, address and mobile number. 

4. By making use of five different print statements, write a program to print ‘A’ to ‘F’ in one 
single line. 

5. Write a program to read an integer as string. Convert the string into integer and display the 
type of value before and after converting to int. 


6. Write a program initialize the string “hello world” to a variable Str1 and convert the string 
into upper case. 


7. Translate the following algorithm into Python code. 
Step 1: Initialize variable named Pounds with value 10. 
Step 2: Multiply Pounds by 0.45 and assign it to a variable Kilogram. 
Step 3: Display the value of variable Pounds and Variable. 
8. Write a program to read the radius of a circle and print the area of the circle. 


Operators and Expressions 


CHAPTER OUTLINE 
3.1 Introduction 3.6 Translating Mathematical Formulae 
3.2 Operators and Expressions into Equivalent Python Expressions 
3.3 Arithmetic Operators 3.7 Bitwise Operator 


3.4 Operator Precedence and Associativity 3.8 The Compound Assignment Operator 


3.5 Changing Precedence and Associativity 
of Arithmetic Operators 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
¢ Perform simple arithmetic operations 
e Explain the difference between division and floor division operators 


e Use unary, binary and bitwise operators, and perform multiplication and division operations using 
bitwise left and right shift operators 


e Evaluate numeric expressions and translate mathematical formulae into expressions 


¢ Recognise the importance of associativity and operator precedence in programming languages 


3.1 INTRODUCTION 


An operator indicates an operation to be performed on data to yield a result. In our day to day life, 
we use various kinds of operators to perform diverse data operations. Python supports different 
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operators which can be used to link variables and constants. These include arithmetic operators, 
Boolean operators, bitwise operators, relational operators and simple assignment and compound 
assignment operators. 

Table 3.1 lists basic operators in Python with their symbolic representation 


Table 3.1 Types of operators 


Type of Operator Symbolic Representation 
Arithmetic Operators +,-,/ iff *, 4, for 
Boolean Operators and, or, not 

Relational Operators > < <=, >= |= 

Bitwise Operators & |, >>, <<,~ 
Simple Assignment and Compound Assignment Operators =, +=/5,/=,20=/"= 


3.2 OPERATORS AND EXPRESSIONS 


Most statements contain expressions. An expression in Python is a block of code that produces 
a result or value upon evaluation. A simple example of an expression is 6 + 3. An expression 
can be broken down into operators and operands. Operators are symbols which help the user or 
command computer to perform mathematical or logical operations. In the expression 6 + 3, the ‘+’ 
acts as the operator. An operator requires data to operate and this data is called operand. In this 
example, 6 and 3 are the operands. 

The following sections describe the various kinds of operators and their usage. The expressions 
given in the examples are executed in Python interactive mode. 


3.3. ARITHMETIC OPERATORS 


There are two types of arithmetic operators in Python, viz. binary and unary (as shown in Fig. 3.1). 


Operators 


Figure 3.1 Types of arithmetic operators 


3.3.1. Unary Operators 


Unary arithmetic operators perform mathematical operations on one operand only. The ‘+’ and 
‘-’ are two unary operators. The unary operator minus (-) produces the negation of its numeric 
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operand. The unary operator plus (+) returns the numeric operand without change. Table 3.2 gives 
the details of unary operators. 


Table 3.2. Unary operators 


Unary Operator Example Description 

4 +X Returns the same value that is provided as input 
(+X returns the same value, i.e. X) 

- -X Negates the original value so that the positive 
(x returns the negation of x) value becomes negative and vice versa 


Examples of Unary Operators 


>>> x=-5 #Negates the value of X 

>>> X 

aS 

>>> X=+6 #Returns the numeric operand, i.e. 6, without any change 
>>> X 

6 


Some More Complex Examples of Unary Operators 


>>> +-5 


=5 


In the above expression +-5, the first “-’ operator represents the unary plus operation and the 
second “’ operator represents the unary minus operation. The expression +-5 is equivalent to 
+(-(5)), which is equal to -5. 


>>> 1--3 #Equivalent to 1-(-3) 

4 

>>> 2---3 #Equivalent to 2-(-(-3)) 
al 

>>> 34+--2 #Equivalent to 3+4(-(-2)) 
5 


3.3.2 Binary Operators 


Binary operators are operators which require two operands. They are written in infix form, i.e. the 
operator is written in between two operands. 


The Addition (+) Operator 


The ‘+’ operator in Python can be used with binary and unary form. If the addition operator is 
applied in between two operands, it returns the result as the arithmetic sum of the operands. Some 
examples of addition operators executed in Python interactive mode are given as follows: 
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Example 

>>> 44+7 #Addition 
dd: 

>>>545 Addition 
10 


Table 3.3. explains the syntax and semantics of the addition operator in Python, using its three 
numeric types, viz. int, float and complex. 


Table 3.3. Addition operator 


Syntax Example 


int, int)> int 2+4 returns 6 
( ) 
(float, float)->float .0+4.0 returns 5.0 


RP 


(int, float)->float 142.0 returns 3.0 
(float, int)->float 2.0+1 returns 3.0 
(complex, complex)->complex 3j+2j returns 5) 


The Subtraction (-) Operator 


The “-’ operator in Python can be used with binary and unary form. If the subtraction operator 
is applied in between two operands, the result is returned as the arithmetic difference of the 
operands. Some examples of subtraction operators executed in Python interactive mode are given 
as follows: 


Example 

>>> 7-4 #Subtraction 
xc} 

>>>5-2 #Subtraction 
3 


Table 3.4 explains the syntax and semantics of the subtraction operator in Python, using its three 
numeric types, viz. int, float and complex. 


Table 3.4 Subtraction operator 


Syntax Example 

(int, int)> int 4-2 returns 2 
(float, float)->float 3.5-1.5 returns 2.0 
(int, float)->float 4-1.5 returns 2.5 
(float, int)->float 4.0-2 returns 2.0 


(complex, complex)->complex 3j-2j returns 1j 
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PROGRAM 3.1 Read the cost and selling price of an object and write a program to find the profit earned by a 
seller (in rupees). The selling price is greater than the cost price. 


SP=eval (input (‘Enter the Selling Price of an Object:’)) 
CP=eval (input (‘Enter the Cost Price of an Object:’)) 


Siedlimie (“sso e sea e soe ease eso See SSS Se ene ese eee SS sos 3) 
print(‘ Selling Price = ‘,SP) 

jorealinie (“ Clogic Bicskee =7 Cie) 

jIeiiais (“Sao see sees esse Sse SS see Sse e SSeS See SsSase sees i) 
Profit=SP - CP #Formula to Calculate Profit 
jouealinie (“ Wisoweiic, Ieeinyecl lo Sells; = ~“,, WieepEiic)) 

Output 


Enter the Selling Price of an Object: 45 
Enter the Cost Price of an Object: 20 
Selling Price = 45 

Cost Price = 20 


Explanation At the start of the program, the selling price and cost price of the object is read using 
eval. The statement, Profit = SP - CP is executed to calculate the profit earned by the seller. 


The Multiplication (*) Operator 


The ‘*’ operator in Python can be used only with binary form. If the multiplication operator is 
applied in between two operands, it returns the result as the arithmetic product of the operands. 
Some examples of multiplication operators executed in Python interactive mode are given as 
follows: 


Example 

>>> 7*4 #Multiplication 
28 

>>>5*2 #Multiplication 
10 


Table 3.5 explains the syntax and semantics of the multiplication operator in Python, using its 
three numeric types, viz. int, float and complex. 
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Table 3.5 Multiplication operator 


Syntax Example 

(int, int)> int 4°2 returns 8 
(float, float)->float 1.5*3.0 returns 4.5 
(int, float)->float 2*1.5 returns 3.0 
(float, int)->float 1.5* 5 returns 7.5 
(complex, complex)->complex 2j*2j returns -4+0} 


PROGRAM 3.2 | Write a program to calculate the square and cube of a number using * operator. 


num=eval (input (‘Enter the number:’) ) # Read Number 
print (‘Number = ‘,num) 

Square=num* num #Calculate Square 
Cube = num * num * num #Calculate Cube 
print (‘Square of a Number = ‘,num,’ is ‘,Square) 

print (‘Cube of a Number = “iain,” acy “ , Culler) 

Output 

Enter the number: 5 

Number = 5 

Square of a Number = ale; 25) 

Cube of a Number ~ ale} LAS) 


The Division (/) Operator 


The ‘/’ operator in Python can be used only with binary form. If the division operator is applied 
in between two operands, it returns the result as the arithmetic quotient of the operands. Some 
examples of division operators executed in Python interactive mode are given as follows: 


Example 

>>> 4/2 #Division 
2.0 

>>> 10/3 

3.3333333333333335 #Division 


Table 3.6 explains the syntax and semantics of the division operator in Python, using its three 
numeric types, viz. int, float and complex. 
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Table 3.6 Division (/) operator 


Syntax Example 

(int, int)> float 25/5 returns 5.0 
(float, float)->float 0.6/2.0 returns 0.3 
(int, float)->float 4/0.2 returns 20.0 
(float, int)->float 1.5/2 returns 0.75 
(complex, complex)->complex 6j/2j returns 3+0j 


© Note: When the division (/) operator is applied on two int operands, Python returns a float result. 


PROGRAM 3.3 Write a program to calculate simple interest (SI). Read the principle, rate of interest and number 
“| of years from the user. 

P=eval (input (‘Enter principle Amount in Rs = ‘)) #Read P 
ROI=eval (input (‘Enter Rate of Interest = ‘)) #Read ROI 
years=eval (input (‘Enter the Number of years =’))#Read years 
joxedliaie (% iWreslineniyjoile = 19) 
jovealiote. (“ Ievers) @IE Inmiceieesic = ~ , IXO)IL) 
print (‘ Number of Years = ‘,years) 
SI = P*ROI*Years/100 #Calculate SI 
print (‘Simple Interest = ‘,ST) 
Output 


Enter Principle Amount in Rs = 1000 
Enter Rate of Interest = 8.5 

Enter the Number of Years = 3 
Principle = 1000 

Rate of Interest = 8-5 

Number Of Years) = 3 

Simple Interest = 255.0 


PROGRAM 3.4 | Write a program to read a temperature in Celsius from the user and convert it into Fahrenheit. 


Celsius =eval (input (‘Enter Degree is Celsius:’))#Read Celsius from User 
joreatione (*Ceilsaligs) = %,, Ceileisiwys)) #Print Celsius 

Fahrenheit = (9 / 5) * Celsius + 32 # Convert Celsius to Fahrenheit 
print(‘ Fahrenheit = ‘', Fahrenheit) # Print Fahrenheit 


(Contd.) 
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Output 

Enter Degree is Celsius: 23 
Calg = 23 

Fahrenheit = 73.4 


Note: Formula to convert Celsius into Fahrenheit is: 
Fahrenheit = (9/5)*Celsius + 32 


The Floor Division (//) Operator 


The ‘//’ operator in Python can be used only with binary form. If the floor division operator is 
applied in between two operands, it returns the result as the arithmetic quotient of the operands. 
Some examples of floor division operators executed in Python interactive mode are given as follows: 


Example 

>>> 4//2 # Floor Division 
2 

>>> 10//3 

3 #Floor Division 


Table 3.7 explains the syntax and semantics of the floor division operator in Python, using its 
numeric types, viz. int and float. 


Table 3.7 Floor division (//) operator 


Syntax Example 

(int, int)> int 25//5 returns 5 
(float, float)->float 10.5//5.0 returns 2.0 
(int, float)->float 11//2.5 returns 4.0 
(float, int)->float 4.0//3 returns 1.0 


@ Note: a. From the above example, it is clear that when the floor division (//) operator is applied on 
two int operands, Python returns an int result. 
b. In the second example 10.5//5.0, the result returned is 2.0. However, if 10.5/5.0 returns 2.1, it 
means the floor division operator has been applied on two float operands. Hence, it returns the 
result in float but ignores the decimal number after the decimal point. 


The Modulo (%) Operator 


When the second number divides the first number, the modulo operator returns the remainder. 
The % modulo operator is also known as the remainder operator. If the remainder of x divided by 
y is zero then we can say that x is divisible by y or x is a multiple of y. 
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Consider the following example. 


Divisor ———» 4 14 «Dividend 


2 «<—— Remainder 
In the above example, 14 % 4 returns 3 as the remainder. Thus, the left-side operand, i.e. 14 is 
the dividend and the right-side operand, i.e. 4 is the divisor. Some more examples of the modulo 
operator executed in Python interactive mode are given below. 


Example 


>>> 10 & 4 # 10 is divided by 4 returns remainder as 2 
2 
>>> 13%5 


3 


Table 3.8 explains the syntax and semantics of the modulo (%) operator in Python, using its 
numeric types, viz. int and float. 


Table 3.8 Modulo (%) operator 


Syntax Example 

(int, int)> int 25%4 returns 1 
(float, float)->float 2.5 % 1.2 returns 0.10 
(int, float)->float 13%2.0 returns 1.0 
(float, int)->float 1.5 % 2 returns 1.5 


TC) Note: Mathematically, X%Y is equivalent to X — Y * (x//Y) 


Example: 14%5 returns 4 


Therefore, 

14%5 = 14-5*(14//5) 
= |4=5* (2) 
= |4= 10 


= Al 


Use of % Modulo Operator in Programming The modulo operator, i.e. the remainder operator 
is very useful in programming. It is used to check if a number is even or odd, i.e. if number % 2 
returns zero then it is an even number and if number % 2 == 1 then it is an odd number. 


PROGRAM 3.5 oe a program fo read the weight of an object In grams and display Its weight in kilograms 
and grams, respectively. 
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Example 


Input: Enter the weight of the object in grams: 2,500 
Output: Weight of the object (kilograms and grams): 2 kg and 500 g 
Note: 1 kilogram = 1,000 grams 


W1 = eval(input (‘Enter the Weight of Object in grams:’)) #Input Weight 
print(‘ Weight of Object = ‘,W1,’ grams’) # Print Weight 

W2 = W1 // 1000 #Calculate No of kg 

W3 = Wl % 1000 #Calculate No of g 


print(‘ Weight of Object = ‘,W2,’ kg and ‘,W3,’ g’) 
Output 

Enter the Weight of Object in g : 1250 

Weight of Object = 1250 g 

Weight of Object = 1 kg and 250 g 


PROGRAM 3.6 | Write a program to reverse a four-digit number using % and // operators. 


Num=eval (input (‘Enter four-digit number: ‘)) 
print (‘Entered number is:’ ,num) 

rl=num%s10 

qi=num//10 

r2=q1%310 

q2=q1//10 

ie 36/2) 7s IL (0) 

q3=q2//10 

r4=q3%310 


jorealiale (“IRENWENSIS Ole “ial, “aes” , TIL, eA, 123} , 1044) 


Output 


Enter four-digit number: 8763 
Entered number is: 8763 
Reverse of 8763 is: 3 6 7 8 


Explanation In the above program, initially the number is read from the user. For instance, the 
number read through the user is 8763. To reverse the contents of the number, initially the operation 
(8763 % 10) gives a remainder 3. To display the second digit 6, the number has to be divided by 10. 
Hence, (8763//10) gives 876. After obtaining the quotient as 876, the modulus operation (876%10) is 
performed again to obtain the digit 6. This process is continued three times to obtain the reverse 
of the four-digit number entered by the user. 
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The Exponent ** Operator 


The “*’ exponent operator is used to calculate the power or exponent of a number. To compute x” (X 
raised to Y), the expression is written as X**Y. The exponent operator is also called power operator. 


Example 

>>> 4**2 #Calculate Square of a Number 4 
16 

>>> 2**3 #Calculate Cube of a Number 2 

8 


Table 3.9 explains the syntax and semantics of the exponent (**) operator in Python, using its 
numeric types, viz. int and float. 


Table 3.9 Exponent(**) operator 


Syntax Example 

(int, int)> int 2**4 returns 16 
(float, float)->float 2.0**3.0 returns 8.0 
(int, float)->float 5**2.0 returns 25.0 
(float, int)->float 4.0 **3 returns 64.0 


Write a program to calculate the distance between two points. The formula for computing 
PROGRAMS (7 | Jistarics is 


V(X2-X1? +(¥2-Y1? 


We can use Z**0.5 to compute the square root of the expression /Z . The program below prompts the user to read 
the coordinates of the two points and compute the distance between them. 


joueatiave (( “iereystzateil,” )) 


X1 = eval (input (‘Enter X1 coordinate: ’) ) #Read X1 
Yl = eval(input (‘Enter Y1 coordinate:’)) #Read Y1 
print (‘point2’) 

X2 = eval(input (‘Enter X2 coordinate: ‘)) #Read X2 
Y2 = eval(input (‘Enter Y2 coordinate: ‘)) #Read Y2 


Li=(X2-X1)**2 + (Y2-Y1)**2 #Computer inner expression 
Distance = L1**0.5 #Compute Square root. 

print (‘Distance between two point is as follows’) 
jonealigne (Y (al, wal?) Oe CY pA, 3, PS”, ALS uae) 


Output 


Pointl 
Enter X1 Coordinate :4 
Enter Yl Coordinate :6 


(Contd.) 
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point2 

Enter X2 Coordinate: 8 

Enter Y2 Coordinate: 10 

Distance between the two points is as follows 
(46) ( 8 10 )= 5.656854249492381 


PROGRAM 3.8 | Write a program to display the following table. 


X Y XY 

10 2 100 

10 3 1000 
10 4 10000 
10 5 100000 


joNerliate (MAC Vie iG eA?) 


jouestiate (THLO We 2 Vic » ,ab@e2)) 
joerc (SSO Wie 3 We. *, d@2e3)) 
joncrine (“DO We 4 \ie %, d@ee4) 
joncatate (MSO Vie 5 We “;, L@=5) 
Output 

Xx ge X**Y 

10 2 100 

ahs) 3 1000 

| 4 10000 

10 5 100000 


3.4 OPERATOR PRECEDENCE AND ASSOCIATIVITY 


Operator precedence determines the order in which the Python interpreter evaluates the operators 
in an expression. 

Consider the expression 4+5*3. 

Now, you may ask so how does Python know which operation to perform first? In the above 
example 4+5*3, it is important to know whether 4+5*3 evaluates to 19 (where the multiplication is 
done first) or 27 (where the addition is done first). 

The default order of precedence determines that multiplication is computed first so the result 
is 19. As an expression may contain a lot of operators, operations on the operands are carried out 
according to the priority, also called the precedence of the operator. The operator having higher 
priority is evaluated first. 

Table 3.10 gives the list of operator precedence in the descending order. The operators on 
the top rows have higher precedence and the operators on the bottom rows have lower 
precedence. If a row contains multiple operators, it means all the operators are of equal priority or 
precedence. 
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Table 3.10 Operator precedence 


Precedence Operator Name 
5s Exponential 
+-,~ Plus, Minus, Bitwise not 
*11;% Multiplication, division, integer division, and remainder 
+,- Binary Addition, Subtraction 
<<, >> Left and Right Shift 
& Bitwise AND 
A Bitwise XOR 
| Bitwise OR 
{ea >= Comparison 
=== Equality 
So) Assignment Operators 
is, is not Identity Operators 
in, not in Membership Operator 
Not Boolean Not 
And Boolean and 
Or Boolean or 


3.4.1. Example of Operator Precedence 


Consider arithmetic operators *, /, // and %, which have higher precedence as compared to 
operators + and -. 


Example 
445*3-10 


As compared to + and * operators, the * operator has higher priority. Hence, the multiplication 
operation is performed first. Therefore, above expression becomes, 


4+15-10 


Now in above expression, + and — have the same priority. In such a situation, the leftmost operation 
is evaluated first. Hence, the above expression becomes 


19 - 10 


Consequentially, subtraction is performed last and the final answer of the expression will be 9. 


3.4.2 Associativity 


When an expression contains operators with equal precedence then the associativity property 
decides which operation is to be performed first. Associativity implies the direction of execution 
and is of two types, viz. left to right and right to left. 
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(i) Left to Right: In this type of expression, the evaluation is executed from the left to right. 


4+6-342 


In the above example, all operators have the same precedence. Therefore, associativity rule is 
followed (ie. the direction of execution is from the left to right). 


The evaluation of the expression 4+6-3+2 is equivalent to 
=((4+6)-3)+ 2 
= ((10)-3)+ 2 
=(7)+2 
=9 

(ii) Right to Left: In this type of expression, the evaluation is executed from the right to left. 
X=Y=Z= Value 
In the above example, assignment operators are used. The value of Z is assigned to Y and then 
to X. Thus, the evaluation starts from the right. 
Example of Associativity 


(i) When operators of the same priority are found in an expression, precedence is given to the 
leftmost operator. 


Z=4*6+8//2 


FBP 


28 


In the above expression * is evaluated first, even though * and // have the same priorities. The 
operator * occurs before // and hence the evaluation starts from the left. Therefore, the final 
answer for the above expression is 28. 
The examples so far illustrated how Python uses associativity rules for evaluating expressions. 
Table 3.11 shows the precedence and associativity for arithmetic operators. 


Table 3.11 Associativity table for arithmetic operators 


Precedence Operators Associativity 

Highest 0) Innermost to Outermost 
i Highest 
“111% Left to Right 

Lowest +- Left to Right 


3.5 CHANGING PRECEDENCE AND ASSOCIATIVITY 
OF ARITHMETIC OPERATORS 


One can change the precedence and associativity of arithmetic operators by using (), ie. the 
parentheses operator. The () operator has the highest precedence among all other arithmetic 
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operators. It can be used to force an expression to evaluate in any order. Parentheses operator () 
also makes an expression more readable. 


Some examples of parentheses operator executed in Python interactive mode are given as 
follows: 
Example 
>>> z=(54+6) *10 
>>> Z 
110 
Explanation 
In the above example, z is initialized with one expression (5+6)*10. The sub expression (5 + 6) is 
evaluated first, followed by the multiplication operation. 
Some More Complex Examples 


>>> A= 100 / (2*5) 
>>> A 


10.0 


>>> B= 4 + (5 * (4/2) + (4 + 3)) 
>>> B 


21.20 


PROGRAM 3.9 Write a program to find the area and perimeter of a rectangle using (), i.e. the parenthesis 


operator. 
Length = eval(input(‘Enter the Length of Rectangle:’) ) 
Breadth = eval(input (‘Enter the Breadth of Rectangle:’)) 
print(‘- - - ----+----- ‘*) 
print (‘ Length = ‘,Length) 
print (‘ Breadth = ‘,Breadth) 
print(‘- - - --------- ‘*) 
print(‘ Area = ‘, Length * Breadth) 
print (‘ Perimeter = ‘,2 * (Length + Breadth) ) 
Output 


Enter the Length of Rectangle: 10 
Enter the Breadth of Rectangle: 20 


Tengen = 10 
Breadth = 20 
Area = 200 


Perimeter = 60 
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Explanation In the above program, the values of variables length and breadth of the rectangle 
are initially read from the user. Then using the multiplication * operator, the area of the rectangle 
is computed. Finally, in order to compute the perimeter, the addition of length and breadth is 
performed and the result is multiplied by 2. 


& Note: Area of Rectangle = Length * Breadth 
Perimeter of Rectangle = 2 * (Length + Breadth) 


3.6 TRANSLATING MATHEMATICAL FORMULAE INTO EQUIVALENT 
PYTHON EXPRESSIONS 


Consider the following quadratic equation written in normal arithmetic manner. 
—b+,)b? — 4ac 
2a 


The steps required to convert this quadratic equation into its equivalent Python expression are 
given as follows: 


© STEP 1: The numerator and denominator are computed first to find the roots of the quadratic 
equation. Division between the numerator and denominator is performed as the last 
step. Hence, we can write the above expression as: 


Numerator/Denominator 

© STEP 2: The denominator is just 2a, so we can rewrite the formula as: 
Numerator/((2 *a )) 

© STEP 3: Now we can split the numerator into two parts, i.e. left and right as follows: 
(Left+Right )/((2 *a )) 


© STEP 4: Substitute -b for left. There is no need to put parenthesis for —-b because unary operator 
has higher precedence than binary addition. Hence, the above equation becomes: 


(-b+Right )/((2 *a )) 


© STEP 5: The right contains the expression inside the square root. Therefore, the above equation 
can be rewritten as: 


(-b+sqrt(expression)/((2 *a )) 


© STEP 6: But the expression inside the square root contains two parts left and right. Hence, the 
above equation is further rewritten as 


(-b+sqrt(left-right)/((2 *a )) 


© STEP 7: Now the left part contains the expression b**2 and the right part contains the expression 
4*a*c. There is no need to put parenthesis for b**2 because the exponent operator has 
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higher precedence than the * operator since the expression 4*a*c is present on the right 
side. The above equation can be rewritten as 

(-b+sqrt(b**2-4*a%c)/((2 *a )) 
Thus, we have converted the mathematical expression into a Python expression. While 


converting an equation into a Python expression, one needs to only remember the rules of operator 
precedence and associativity. 


PROGRAM 3.10 | Write the following numeric expression in Python and evaluate it. 


2+8P (P—Q)(P+Q) 
2 2 


Consider the value of variables P and Q as 4 and 2, respectively. 


(P+Q) 
ares 
9 


P= 4 
Q=2 

Bal 228% PB) § 2 - ((P=O)" (20) )/2 + 2 & (P20) /2) 
jee ( ( Bah & wy 7 QBs ( (WO) (PAO) )/2 = ae (ws) /2)”)) 
jengalne ("Wines PS 8,9 giacl © = *, ©) 
print(‘ Answer of above expression = ',2Z) 

Output 

(Za Be By) f Bo ((P=O)o(PHO)) /2 2 A (eH) /2)) 

Wines I = 4 emol OQ = 2 

Answer of above expression = 23.0 


Explanation In the above program, initially the equation 


2+8P _(P-Q\P+Q) | 4, (P+Q) 
2 2 2 


is translated into a Python expression as 
(2+8*P)/2-(P-Q)*(P+Q)/2+4* (P+ Q)/2). 


Once the expression is converted into a Python expression, the values of P and Q are substituted 
by the Python interpreter and finally the expression is evaluated considering Python precedence 
and associativity rules. 


3.7 BITWISE OPERATOR 


Python has six bitwise operators for bitwise manipulation. The bitwise operator permits a 
programmer to access and manipulate individual bits within a piece of data. Table 3.12. shows 
various bitwise operators supported by Python. 


(72) Programming and Problem Solving with Python 


Table 3.12 Bitwise operators 


Operator Meaning 

& Bitwise AND 
Bitwise OR 

A Bitwise XOR 
>> Right Shift 
<< Left Shift 

a Bitwise NOT 


3.7.1 The Bitwise AND (&) Operator 


This operator performs AND operation on input bits of numbers. The Bitwise AND operator is 
represented as ‘&’. The ‘&’ operator operates on two operands bit-by-bit. Table 3.13. explains the 
AND operator. 


Table 3.13 AND operator 


Input Output 
xX Y X&Y 
0 0 0 

O il 0 

1 0 0 
el 1 


We can conclude from this table that the output is obtained by multiplying the input bits. 
Example of AND Operator 


>>> 1 & 3 
1 # The bitwise & operator on 1 and 3 returns 1 
>>> 5 & 4 


4 # The bitwise & operator on 5 and 4 returns 4 


Working of the bitwise operator is given as follows: 


1 and 3 are converted into their equivalent binary format 
0 0 0 1 (one) 


0 0) 1 1 (Three) 


Bitwise operation (0 & 0) (0 & 0) (0 & 1) (1 & 1) 
Result 0 0 0 aa (One) 
Decimal equivalent of (0 001) =1 
Therefore, 1&3 = 1 
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Write a program to read two numbers from the user. Display the result using bitwise & operator 
on the numbers. 


PROGRAM 3.11 


numl = int(input(‘Enter First Number: ‘) ) 
oe) 


jonealione (sayin ,% G ~ ,wtimMe,9 S “,, iaiuianil fe iakwii)) 


num2 = int (input(‘Enter Second Number: 


Output 


#Test Case 1 

Enter First Number: 1 

Enter Second Number: 3 
Leer Sas ek 


#Test Case 2 
Enter First Number: 5 
Enter Second Number: 6 
SS & G6 sa 4 


3.7.2 The Bitwise OR (|) Operator 


This operator performs bitwise OR operation on the numbers. The bitwise OR operator is 
represented as ‘|’. It also operates on two operands and the two operands are compared bit-by-bit. 
Table 3.14 explains the “|’ (OR) operator. 


Table 3.14 Bitwise OR operator 


Input Output 
m X|Y 
0 0 0 

O 1 1 

1 0 1 

1 i 1 


We can conclude from this table that the output is obtained by adding the input bits. 
Examples of Bitwise ‘|’ (OR) Operator 


>>> 3 | 5 
7 # The bitwise | operator on 3 and 5 returns 7 
>>> 1 | 5 


5 # The bitwise | operator on 1 and 5 returns 5 
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Working of the bitwise OR (‘|’) operator is given as follows: 


Working of expression 3 | 5 is as below. 
Initially 3 and 5 are converted into their equivalent binary format 
0 0 1. 1 (Three) 


0 1 0 1 (Five) 


Result 0 1 1 1 (seven) 
Decimal Equivalent of (0 1 1 1) = 7 
Therefore 3 | 5 = 7 


PROGRAM 3.12 Write a program to read two numbers from the user. Display the result using bitwise | operator 
on the numbers. 


numl = int (input(‘Enter First Number: ‘)) 
num2 = int (input(‘Enter Second Number: ‘) ) 
jrcstiote (imal, ” || “yi, = “ smibinal || semi) 
Output 


#Test Case 1 
Enter First Number: 3 
Enter Second Number: 5 
SEP ollie Sheree 7 


#Test Case 2 
Enter First Number: 6 
Enter Second Number: 1 
6 | 2 = F 


3.73 The Bitwise XOR (*) Operator 


This operator performs bitwise exclusive or XOR operation on the numbers. It is represented as ”’. 
The ‘“’ operator also operates on two operands and these two operands are compared bit-by-bit. 
Table 3.15. explains the ‘”’ (XOR) operator. 
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Table 3.15 The Table for Bitwise XOR Operator 


Input Output 
xX Y AM 
0 O 0 
@ il 
1 O 1 
iba eal 0 


We can conclude from this table that the output is logic one when one of the input bits is logic 


one. 


Examples of Bitwise XOR (*) Operator 


>>> 3 * 5 


A 


6 # The bitwise operator on 3 and 5 returns 6 
>>> 1* 5 
4 # The bitwise * operator on 1 and 5 returns 4 


Working of the bitwise XOR (’) operator is given as follows: 


Working of expression 3 * 5 is as below. 
Initially 3 and 5 are converted into their equivalent binary format 
0 0) Tt 7. (Three) 


0 al 0 1 (Five) 


Bitwise operation (0 * 0) (0 * 1) (1 * 0) (1 * 1) 
Result 0 J: 4 0 (Six) 
Decimal Equivalent of (0 11 0) = 6 
Therefore 3 ~ 1 = 6 


: ee 
PROGRAM 3.13 Write a program to read two numbers from the user. Operate bitwise “ operator on them and 


display the result. 


numl = int (input(‘Enter First Number: ‘)) 
num2 = int (input(‘Enter Second Number: ‘) ) 
jonesline Gaim, 2 ~ iim," = ©, iaibial ~ iwi) 
Output 

#Test Case 1 

Enter First Number: 3 


(Contd.) 
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Enter Second Number: 5 
3 ~*~ FS = 6 
#Test Case 2 
Enter First Number: 1 
Enter Second Number: 2 
i * 2 = 8 


3.74 The Right Shift (>>) Operator 


The right shift operator is represented as >>. It also needs two operands. It is used to shift bits to 
the right by 1 position. Working of the right shift operator (>>) is explained as follows: 
Example 


>>>4 >> 2 # The input data 4 is to be shifted by 2 bits towards the right side 
al 


>>>8>>2 


2 


Explanation 


Consider the expression 4 >> 2. 
Initially, the number 4 is converted into its corresponding binary format, ie.0 1 0 0 
000000100 Binary 4. <———_—— 


876543210 Bit Index <——__ 
The input data 4 is to be shifted by 2 bits towards the right side. 
The answer in binary bits would be 

000000001 Binary 1 <————— 

876543210 Bit Index <——___ 


& Note: Shifting the input number by N bits towards the right means the number is divided by 2°. 
In short, it means Y = N/2°. 
Where, 
N = The Number 
S = The Number of Bit Positions to Shift 


Consider the above example 4 >> 2. Let us solve this using the above formula, ie. y =N /2° 
=4/2? 
aye 
=| 

Therefore, 4 >> 2 returns | in Python interactive mode. 
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PROGRAM 3.14 | Write a program to shift input data by 2 bits towards the right. 


N = int(input(‘Enter Number: ‘)) 
S = int (input (‘Enter Number of Bits to be shift Right: ‘)) 
joxeliac (MN, ” SS “,S," = *, IW ss 8) 


Output 


Enter Number: 8 
Enter Number of Bits to be shift Right: 2 
Be eS AO Se 


3.75 The Left Shift (<<) Operator 


The left shift operator is represented as <<. It also needs two operands. It is used to shift bits to the 
left by N position. The working of the left shift operator is given as follows: 


Example 


>>> 4 << 2 # The input data 4 is to be shifted by 2 bits towards the left side 
16 


>>> 8 << 2 # The input data 8 is to be shifted by 2 bits towards the left side 
32 


Explanation 


Consider the expression 4 << 2. 
Initially, the number 4 is converted into its corresponding binary 
format, i.e.0 1 0 0 


000000100 Binary 4 <———_—__ 


ae dan oes eee. aus sae uae Bit Index <——_—_ 
The input data 4 is to be shifted by 2 bits towards the left side. 
The answer in binary bits would be 


000010000 Binary 16 <————— 


87654321 0 Bit Index <«——___ 
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2 Note: Shifting the input number by N bits towards the left side means the number is multiplied by 2°. 
In short, it means Y = N*2°. 
Where, 
N = The Number 
S = The Number of Bit Positions to Shift 
Consider the above example 4 << 2. Let us solve this using the above formula, i.e. 
eS ee? 
=n 92 
Sel 
= ko 
Therefore, 4 << 2 returns 16 in Python interactive mode. 


PROGRAM 3.15 | Write a program to shift input data by four bits towards the left. 


N = int(input(‘Enter Number: ‘)) 
S = int (input (‘Enter Number of Bits to be shift Left: ‘)) 
jorealinic (IN, ee %, 8," = %, IN ee S) 


Output 


Enter Number: 4 
Enter Number of Bits to be shift Left: 2 
Bae RS AGS 


3.8 THE COMPOUND ASSIGNMENT OPERATOR 


The operators +, *%, //, /, % and ** are used with the assignment operator (=) to form the compound. 
or augmented assignment operator. 


Example 
Consider the following example, where the value of a variable X is increased by 1. 
X=X+1 
Python allows a programmer to combine the assignment and addition operator. Thus, the above 
statement X = X + 1 can also be written as 
X+=1 


The += operator is called the addition operator. A list of all other compound assignment 
operators is given in Table 3.16. 
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Table 3.16 Compound assignment operators 


Operator Example Equivalent Explanation 

+= Z+=X Z=Z4+X Add the value of Z to X 

-= Z-=X Z=Z-X Subtract X from Z 

= ZX Z=Z*X Multiplies the value of X, Y and stores the result in Z 

/= Z/=X Z=Z/X Performs floating point division operation and stores the result in Z 

f= Z//=X Z=Z//X Performs normal integer floor division and stores the result in Z 

i L=X Z=L*X The value of variable X is raised to Z and the result is stored in 
variable Z 

= Z%=X Z=Z%oX The Z modulo X operation is performed. 


PROGRAM 3.16 | Write a program using compound assignment operators to calculate the area of a circle. 


radius = eval (input(‘Enter the Radius of Circle: ‘)) #Read Radius 
print(‘ Radius = ‘,radius) #Display Radius 

area = 3.14 

radius **=2 #Radius = Radius ** 2 

area*=radius #Area=Area*Radius 


print(‘ Radius of Circle is = ‘,area) #Print area 


Output 


Enter the Radius of Circle: 2 
Radius = 2 
MACHU OF Cimele is = 12.56 


Thus, to perform various operations in the above program we have to make use of compound 
assignment operators such as **=, and *=. 


UN ads (@N] 408 me Goods Service Tax (GST) Calculator 


What is GST? 


Goods and services tax is a comprehensive tax levied on the manufacture, sale and consumption 
of goods and services at a national level. This tax has substituted all indirect taxes levied on 
goods and services earlier by the central and state governments in India. 


Problem Statement 


We all buy various goods from a store. Along with the price of the goods we wish to buy, we also 
have to pay an additional tax, which is calculated as a specific percentage on the total price of the 
goods. This is called GST on the products. 
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Model of GST Using an Example 


The GST has two components, viz. one which is levied by the central government (referred to as 
central GST or CGST), and one levied by the state government (referred to as state GST or SGST). 
The rates for central GST and state GST are given as follows: 


Type of Tax Tax Rate 

CGST @9% 

SGST @9% 
Example 


Invoice of a product 


Particulars GST on Particulars 
Cost of Production 5,000 

Add: CGST @ 9% 450 

Add: SGST @ 9% 450 

Total Cost of Product: %5,900 


Formula to Calculate Total Cost 


(CGST Tax Rate on product) + (GGST Tax Rate on product) 


© Note: Make use of proper operators to solve the above problem. 


Algorithm 

© STEP 1: Read Cost of Production 

© STEP 2: Input the CGST tax rate 

© STEP 3: Input the SGST tax rate 

© STEP 4: Calculate and print the total cost of the product. 


Program 


CP = float (input (‘Enter the Cost of Product:’)) 

CGST = float (input (‘Enter tax % imposed by Centre, i.e. CGST:’)) 
SGST = float (input (‘Enter tax % imposed by State, i.e. SGST:’)) 
EGcel = © 

Amount _CGST = ((CGST/100) * CP) 

Amount SGST = ((SGST/100) * CP) 

total = CP + Amount_CGST + Amount_SGST 

jopealiqne (wlojceul Cloysic OIE iwieeelieies ie) \ , icoicell)) 


(Contd.) 
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Output 


Enter the Cost of Product: 5000 


2 


Enter tax % imposed by Centre, i.e. CGST: 9 
% imposed by State, i.e. SGST: 9 


Wissel Cloysic wie wheoyclivcies INS, SOO. © 


Enter tax 


In the above example, we have calculated final cost of the product based on the tax rate. 


ge SUMMARY 


¢ Python supports various operators such as Arithmetic, Boolean, Relational, Bitwise and compound 
Assignment Operator. 


¢ Unary Operator perform operation on one operand only whereas Binary operator requires two 
operands. 


¢ The Divison(\) operator applied on two operands returns a float value. 

¢ Modulo (%) operator return s remainder when first number is divided by the second. 

¢ Exponent (**) operator calculates power of number. 

¢ Operator precedence determines the order in which python evaluates the operators in an expression. 
¢ Associativity gives direction of execution, ie. left to right or right to left. 


KEY TERMS 
@@ — 
= Arithmetic Operators: Binary and Unary Operators 
= Bitwise Operators: and (&), or (|), xor (4), left shift (<<) and right shift (>>) 
= Augmented Assignment Operator: Operators used with the assignment operator 
= Operator Precedence: Determines the order in which the Python interpreter evaluates an expression 
= 


Associativity: Determines which operation is to be performed first. 


oo REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. What will be the output of the following expression if it is executed in Python interactive mode? 


16 % 3 
a. 5 b. 1 
c. 0 d. -1 
2. What will be the output of the following program? 
A=5 
Y=5 


print (X/Y) 
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a. 1 b. 1.0 
c. 01 d. None of the above 
3. What will be the output of the following statement? 
print(15 + 20 /5 +3 * 2 - 1) 


a. 19.0 b. 19 
c. 12.0 d. 24.0 
4. What will be the output of the following program? 
A=7 
B=4 
C=2 
print (a//b/c) 
a. 0.85 b. 0 
c. 0.5 d. 0.0 
5. Which one of the following operators belongs to floor division? 
a. % b. / 
c // d. None of the above 
6. What will be the output of the following expression? 
4A*1**2 
a. 16 b. 4 
c. 8 d. 1 
7. What will be the output of the following program? 
X=4.6 
Yells 
Z=X//Y 
print (2) 
a. 0 b. 0.0 
c. 0.30 d. None of the above 
8. Operators with the same precedence are evaluated in which of the following orders? 
a. Left to Right b. Right to Left 
c. Unpredictable d. None of the above 
9, What will be the output, if the input data 5 is shifted towards the left by 2 bits? 
a. 20 b. 10 
end d. 25 
10. Which of the following have the highest precedence in an expression? 
a. Addition b. Multiplication 
c. Exponent d. parenthesis 


B. True or False 


Operators operate on operands. 

Binary operators operate on at least two operators. 

The ~’ operator in Python can be used with binary and unary form. 
4.5-1.5 returns 3.0. 


Hes SA 
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5. The unary arithmetic operator performs mathematical operations on more than one operand. 


6. The operator precedence determines the order in which the Python interpreter operates the operators 


in an expression. 


7. Associativity implies the direction of execution of an expression. 
8. Shifting the input number by N bits towards the left means the number is divided by 2°. 
9. Shifting the input number by N bits towards the right means the number is divided by 2°. 


10. The right shift operator is represented as >>. 


11. The () operator has the highest precedence among all other arithmetic operators. 


C. Exercise Questions 


1. State the results of the following expressions. 


40/8 
40//8 
50%5 
3%2 
Bis 


Expression Results 


2. State the output of each of the following expression, if each expression is independent. Assume the 


value of X as 4. 


Expression Output 


X +=10 
X -=4 
X *=6 

X *=2 
X %=2 
X /=2 


3. Values assigned to different variables are 
A=10 
B= 20 
C=40 
D=4 
E=5 
Evaluate each of the following Python expression. 
(i) (A+B)*C 
(ii) A+(B-E) 
(iii) A*B/E 
(iv) C/B//5 
(v) C+(A*E)/(B-A) 
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4. Convert the following expressions into their shortest form. 


Expression Equivalent Expression 
Z=Z*10+4 

A=A% 20 

B=B**10+2 

C=C/3 


5. Find the output of each expression given below if Python executes each expression separately. 
Initially the value of X = 4 

Expression Output 

X=X<<2 

X=X>>2 

X=x>>3 

X=X<<3 


6. Determine the hierarchy of operations and evaluate the following expressions. 
X = 4/2*2416/8+5 
Y = 3*4/242/2+6-444/2 

7. Convert the following equations into their corresponding Python expressions. 


oxy x 10Y(ab+C) _0.842b 
a) —“_-_*_ (b) z=—__4 
C+10 4(Z+D) 1 
+02) 
Z 


8. The programmer has to find out the area of a rectangle but he/she has one constraint, viz. he/she has 
to take the value of the length and breadth of the rectangle from the user. The programmer has written 
the following program but he/she is unable to detect the bug in the program. Go through the following 
program to find the bug and then rewrite the whole program. 


area=0 

length = 0 

breadth = 0 

area= length * breadth 

length=eval (input (‘Enter the Length of Rectange:’) ) 
breadth=eval (input (‘Enter the Breadth of Rectangle:’) ) 


print (‘Area of Rectange = ‘,area) 
9. Evaluate the expression, (X + Y — abs(X — Y))//2, when 
X=4and Y=6 


X=5andY=4 
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PROGRAMMING ASSIGNMENTS 


1. Write a program to read the marks of 5 subjects through the keyboard. Find out the 
aggregate and percentage of marks obtained by the student. Assume maximum marks that 
can be obtained by a student in each subject as 100. 

2. Write a program to read a four-digit number through the keyboard and calculate the sum 
of its digits. 

3. Write a program to read the distance between any two cities in kilometer (km) and print the 
distances in meters (m), centimeters (cm)and miles. 

Note: 1 km = 1000 meter 
1 km = 100000 centimeter 
1 km = 0.6213 miles 

4. Write a program to read the weight of an object in kilogram and print its weight in pound 
and tonne. 

Note: 1 kg = 2.20 pound 
1 kg = 0.001 tonne 

5. Read a distance in meters and a time in seconds through the keyboard. Write a program to 

calculate the speed of a car in meter/second. 


Dist 
Note: Speed = pee 
Time 
6. Write a program to read the radius of a sphere from the user and calculate the volume of the 
sphere. 


Note: Volume of sphere = 4/3*3.14*r° 

7. An ATM contains Indian currency notes of 100, 500 and 1000. To withdraw cash from this 
ATM, the user has to enter the number of notes he/she wants of each currency, i.e. of 100, 
500 and 1000. Write a program to calculate the total amount withdrawn by the person from 
the ATM in rupees. 
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CHAPTER OUTLINE 
A.1 Introduction 4.6 Boolean Expressions and Relational 
4.2 Boolean Type Operators 
4.3 Boolean Operators 4.7 Decision Making Statements 


4.4 Using Numbers with Boolean Operators 4-8 Conditional Expressions 
4.5 Using String with Boolean Operators 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
¢ Describe Boolean expressions and bool data type 
¢ Perform operations on numbers and strings using Boolean and Relational operators (>, <,>=, <= and !=) 


¢ Write a simple decision making statement and its implementation with if statement, two-way decision 
making statements and their implementation with if else statement, nested statements and their 
implementation with if statements and multi-way decision making statements and their implementation 
with if-elif-else statements 


e Explain and use conditional expressions to write programs 


e¢ Write non-sequential programs using Boolean expressions 


4.1 INTRODUCTION 


So far, we have seen programs that contain a sequence of instructions. These programs are 
executed by the compiler line by line, in the way the program line appears. The control flow in 
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such programs is sequential. Control flow refers to the order in which program statements are 
executed, ie. when the execution of one statement is complete, the computer control passes to the 
next statement in the code. This process is similar to reading the text, figures and tables on a page 
of a book. 

In monolithic programs, instructions are executed sequentially one by one in the order in which 
they come into sight in the program. Of course, this is a fundamental programming concept for 
beginners to develop simple programs. It is not advisable to have a sequential program writing 
style for solving every problem. Quite often, it is advantageous in a program to alter the sequence 
of the flow of statements depending upon the circumstances. In real-time applications, there are a 
number of situations where a programmer has to change the order of execution of statements based 
on certain conditions. Therefore, when a programmer desires the control flow to be non-sequential 
then he/she may use control structures or decision statements. Thus, decision making statements 
help a programmer in transferring the control from one statement to another in the program. In 
short, a programmer decides which statement is to be executed based on a condition. Decision 
making statements use conditions which are similar to Boolean expressions. 

After reading this chapter, a programmer is expected to take up real life problems/applications 
and implement with Python programming containing conditional statements. Programmer 
may think the programming pattern for preparation of mark sheet, grade sheet, preparation of 
electricity bill for residential and commercial consumers, Railway tariff based on distances, simple 
calculations of interest on deposits for banking problems, etc. Of course, unlimited problems are 
existing in the nature for which a programmer is expected to give programming solution. 


4.2 BOOLEAN TYPE 


Python has a type called ‘bool’. The bool has only two values, viz. true and false. The term, 
‘Boolean’ comes from the name of the British mathematician, George Boole. In the 1840s, Boole 
showed that the classical rules of logic could be expressed in purely mathematical form using 
only two values, viz. true and false. The simplest Boolean expression in Python is True and False. 
In Python interactive shell, a programmer can check if the type of two values, viz. true and false 
belong to the type ‘bool’ in the following manner: 


>>> True 

True 

>>> False 

False 

>>> type (True) 

<class ‘bool’> #The Value True belongs to the class type bool 
>>> type (False) 

<class ‘bool’> #The Value False belongs to the class type bool 


Note: There are only two Boolean values, True and False. Capitalisation of the first letter is important 
for these values and so true and false are not considered Boolean values in Python. As illustrated, the 
Python interpreter will show an error if a programmer checks the type of ‘true’ or ‘false’. 
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>>> type (true) 

Traceback (most recent call last): 

File “<pyshell#10>”, line 1, in <module> 
type (true) 


NameError: name ‘true’ is not defined 


4.3 BOOLEAN OPERATORS 


The and, or and not are the only three basic Boolean operators. Boolean operators are also called 
logical operators. The not operator has the highest precedence, followed by and and then or. 


4.3.1 The not Operator 


The not operator is a unary operator. It is applied to just one value. The not operator takes a single 
operand and negates or inverts its Boolean value. If we apply the not operator on an expression 
having false value then it returns it as true. Similarly, if we apply the not operator on an expression 
having true value then it returns it as false. 


Example 


Use of the not operator on a simple Boolean expression in Python, ie. true and false. 
>>> True 

True 

>>> not True 

False 

>>> False 

False 

>>> not False 


True 


4.3.2 The and Operator 


The and is a binary operator. The and operator takes two operands and performs left to right 
evaluation to determine whether both the operands are true. Thus, and of Boolean operand is true 
if and only if both operands are true. Table 4.1 explains the add operator. 


Table 4.1 The and operator 


xX ¥ X and Y 
True True True 
True False False 
False True False 


False False False 
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Example 


Evaluation of the and operator in Python interactive mode. 
>>> True and True 


True 


>>> True and False 
False 
>>> False and True 
False 
>>> False and False 


False 


4.3.3. The or Operator 


The or of two Boolean operands is true if at least one of the operands is true. Table 4.2 explains the 
or operator. 


Table 4.2 The or operator 


x Ye X or Y 

True True True 

True False True 

False True True 

False False False 
Example 


Evaluation of the or operator in Python interactive mode. 


- 


>>> True or True 


- 


True 


>>> True or False 


True 


>>> False or True 


= 


True 
>>> False or False 


False 


4.4 USING NUMBERS WITH BOOLEAN OPERATORS 


A programmer can use numbers with Boolean operators in Python. One such example is given as 
follows: 


Example 


>>> not 1 


False 
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True 


>>> not 0.0 


™m 


rue 


Explanation Here, Python uses the Boolean operator not on the numbers and treats all numbers 
as True. Therefore, by writing not 1, Python substitutes 1 as True and evaluates not True, which 
returns False. Similarly, not is used before 5 and Python substitute True in place of 5 and it again 
evaluates the expression not True, which returns False. But in case of the numbers 0 and 0.0, 
Python treats them as False. Therefore, while evaluating not 0, it substitutes False in place of 0 and 
again evaluates the expression not False, which returns True. 


4.5 USING STRING WITH BOOLEAN OPERATORS 


Like numbers, a programmer can use strings with Boolean operators in Python. One such example 
is given as follows: 


Example 


>>> not ‘hello’ 
False 
>>> not *’ 


True 


Explanation Here, Python uses the Boolean operator not on string. The expression not hello 
returns True since Python treats all strings as True. Therefore, it substitutes True in place of ‘hello’ 
and again reevaluates the expression not True, which returns False. However, if it is an empty 
string, Python will treat it as False. Therefore, it substitutes False in place of an empty string “and 
reevaluates the expression not False, which in turn returns True. 


4.6 BOOLEAN EXPRESSIONS AND RELATIONAL OPERATORS 


A Boolean expression is an expression that is either true or false. The following example compares 
the value of two operands using the == operator and produces the result true if the values of both 
the operands are equal. 


Example 
The == operator compares two values and produces a Boolean value. 
>>> 2== 


True 


Decision Statements 


Note: The comparison operator == contains two equal signs. Whereas the assignment operator = 
contains only one equal sign. 


From the above example, it is clear how we can compare two values or two operands. Thus, == 
is one of the Python relational operators. Other relational operators supported in Python are given 
in Table 4.3. 


Table 4.3 Relational operators 


Operator Meaning Example Python Return Value 
> Greater than 4>1 True 
< Less than 4<9 True 
>= Greater than orequalto 4>=4 True 
<= Less than or equal to 4<=3 True 
I= Not equal to 5!=4 True 


PROGRAM 4.1 se a program to prompt a user to enter the values of the three different variables and display 
the output of the following expressions. 


a. p>q>r 

b. = p<q<r 

¢. — p<q and q<z 
d. p<qor q<z 


p,q, r=eval (input (‘Enter Three Numbers:’ ) ) 


jopenlis (“ jo) =? Oe? CES “y@i,% we = ys) 

jouealigte (Gs) SS Ge) Ss ae) ale Y, jo S Gf sxe) 

jsuealsate (“ (jo) «K Ci <— ae) ae %, J) S Gj ie) 

jgreatione ( (jo) @ Cj) Euarcl (er @ aw } as %, (> < e)) aimcl (ei < sw )} 
jonealinie (* (jo) = Cp) Cie (Gi = se) aS *, OS <= @)) oe (Gi <= a })) 
Output 

Enter Three Numbers:1,2,3 

jo = a gq = @ 1 = 3 

pP>qp>r) is False 


( 

(9 2 og < m) is weve 

(i> — G@)) euncl (G7 = % ) as Wire 
(3 < @) oi (ej < i) de ene 
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Note: An expression always returns a value and a statement does not return any value. A statement 
may include one or more than one expression. 


4.7 DECISION MAKING STATEMENTS 


Python supports various decision-making statements. These are: 
1. if statements 
2. if-else statements 
3. Nested if statements 
4. Multi-way if-elif-else statements 


4.7.1 The if Statements 


The if statement executes a statement if a condition is true. The syntax for if statement is shown in 
Figure 4.1. 


if condition: if condition: 
OR 


statement (s) Block 


Figure 4.1 Syntax for if statement 


Details of the if Statement 


The keyword if begins the if statement. The condition is a Boolean expression which determines 
whether or not the body of if block will be executed. A colon (:) must always be followed by the 
condition. The block may contain one or more statements. The statement or statements are executed 
if and only if the condition within the if statement is true. The flow chart for if statement is given 
in Figure 4.2. 


False 
Boolean 
Expression 


True 


Statements 


Figure 4.2 Flowchart for if statement 
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Points to Remember 


(a) The statement(s) must be indented at least one space right of the if statement. 


(b) In case there is more than one statement after the if condition, then each statement must be 
indented using the same number of spaces to avoid indentation errors. 


The statement(s) within the if block are executed if the Boolean expression evaluates to true. 


Write a program that prompts a user to enter two integer values. Print the message ‘Equals’ if 
PROGRAM 4.2 Prog Sebel g oes 
both the entered values are equal. 


Flow Chart 
Read two numbers num1 
and num2 from User 
print('Both the numbers 
entered are equal’) 
numl=eval (input (“Enter First Number: “)) 


num2=eval (input (“Enter Second Number: %“)) 
if mnuml-num2==0: 


print (“Both the numbers entered are Equal”) 


Output 


Enter First Number: 12 
Enter Second Number: 12 
Both the numbers entered are Equal 


Explanation In the above program, the two numbers are provided by a user. The statement within 
the if block is executed if and only if the Boolean expression num1 — num2 evaluates to True. 
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Precautions Sometimes a program may contain only one statement within the if block. In this 
case a programmer can write the block of code in two different ways. 


(a) Consider the code given as: 


Number=eval (input (“Enter the Number: “) ) 
if Number>0: 
Number = Number * Number 


This code can also be written as: 


Number=eval (input (“Enter the Number: et 
if Number>0:Number = Number * Number 


(b) The above code cannot be written as: 


Number=eval (input (“Enter the Number: eh} 
if Number>0: 
Number = Number * Number 


The above code does not run and displays an error called indentation error. Thus, Python 
determines which statement makes a block using indentation. 


Write a program which prompts a user to enter the radius of a circle. If the radius is greater than 
PROGRAM 4.3 : 
zero then calculate and print the area and circumference of the circle. 


from math import pi 
Radius=eval (input (“Enter Radius of Circle: "“)) 
if Radius>0: 
Area=Radius*Radius*pi 
jonealione, (°° gUeerel woe Caneel) als} = , iconaiele (cael, 7, OE”) )) 


Circumference=2*pi*Radius 


print (“Circumference of Circle is = “,format (Circumference,” .2f"”) ) 
Output 
Enter Radius of Circle: 5 
INSEL OIE Ciiaclle asi = We. 54 
CilirClMMmEeaNeGSa CH Ciiccle is = BSil,42 


4.7.2 The if-else Statement 


The execution of the if statement has been explained in the previous programs. We know, the if 
statement executes when the condition following if is true and it does nothing when the condition 
is false. The if-else statement takes care of a true as well a false condition. The syntax for if-else 
statement is given in Figure 4.3. 
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if condition: 
statement (s) 
else: 


statement (s) 


OR 


if condition: 
if Block 
else: 
else Block 


Figure 4.3 Syntax for if-else statement 


Details of if-else Statement 


The if-else statement takes care of both true and false conditions. It has two blocks. One block is for 
if and it may contain one or more than one statements. The block is executed when the condition 
is true. The other block is for else. The else block may also have one or more than one statements. 
It is executed when the condition is false. A colon (:) must always be followed by the condition. The 
keyword else should also be followed by a colon (:) The flow chart for if-else statement is given in 


Figure 4.4. 


Boolean 
Expression 


Statement (s) 
False case 


for the 


Statement (s) for the 
True case 


PROGRAM 4.4 | Write a program to prompt a user to enter two numbers. Find the greater number. 


Figure 4.4 Flow chart for if-else 


statement 


if numilsnum2: 


else: 


numl=int (input (“Enter the First Number:”) ) 
num2=int (input (“Enter the Second Number:”) ) 


print (num1,”is greater than “,num2) 


print (num2,”is greater than “,num1) 
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Output 


Enter the First Number:100 
Enter the Second Number:43 


100 is greater than 43 


Explanation The above program prompts a user to read any two numbers. The two numbers 
entered are stored in variables num1 and num2, respectively. If the value of num1 is greater than 
num is checked using the if condition. If the value of num1 is greater then the message ‘num1 is 
greater than num2’ is displayed. Otherwise, the message ‘num2 is greater than num’ is displayed. 


PROGRAM 4.5 Write a program to calculate the salary of a medical representative considering the sales 
*“ | bonus and incentives offered to him are based on the total sales. If the sales exceed or equal to 
1,00,000 follow the particulars of Column 1, else follow Column 2. 


Column 1 Column 2 
Basic = 4000 Basic = 4000 


HRA = 20% of Basic 


HRA = 10% of Basic 


DA = 110 % of Basic 


Conveyance = %500 


DA = 110 % of Basic 
Conveyance = %500 


Incentive = 10% of Sales 


Incentive = 4% of Sales 


Bonus = 71000 


Bonus = 7500 


if Sales >= 100000: 
basic = 4000 
hra = 20 * basic/100 
da = 110 * basic/100 
incentive = Sales * 10/100 
bonus = 1000 
conveyance = 500 

else: 
basic = 4000 
hra = 10 * basic/100 
da 110 * basic/100 
incentive = Sales * 4/100 
bonus = 500 


conveyance = 500 


print (‘Salary Receipt of Employee 


Sales=float (input (‘Enter Total Sales of the Month:’) ) 


salary= basic+hra+da+incentive+bonus+conveyance 


(Contd.) 
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joueailiaic (“ ‘Wejeall Sedles = “, Seles) 
joveatinic (“ isyevsake! =, Joyesiaie!) 

print (‘ HRA = ‘,hra) 

joueiuoles (* iDyA = “,Gley)) 

print (‘ Incentive = ‘,incentive) 
print (‘ Bonus = ‘,bonus) 

print (‘ Conveyance = ‘,conveyance) 
print(‘ Gross Salary = ‘,salary) 
Output 


Enter Total Sales of the Month:100000 
Salary Receipt of Employee 


Total Sales = 100000.0 
Basic = 4000 

HRA = 800.0 

DA = 4400.0 

Incentive = 10000.0 
Bonus = 1000 
Conveyance = 500 

Gross Salary = 20700.0 


Explanation The program calculates the salary of a medical representative according to the total 
sale of products. The basic salary is the same but other allowances and incentives change according 
to the total sales. If the total sale is more than *1,00,000 the rate of allowances and incentive is 
calculated as per Column 1, else as per Column 2. The if condition checks the given figure of total 
sale. If the total sale is more than %1,00,000 the first block following the if statement is executed, 
otherwise the else block is executed. 


Points to Remember 


(a) Indentation is very important in Python. The else keyword must properly line up with the if 
statement. 


(b) If a programmer does not line up if and else in exactly the same columns then Python will 
not know that if and else will go together. Consequentially, it will show an indentation error. 


(c) Both statements within the if block and else block must be indented and must be indented the 
same amount. 


PROGRAM 4.6 | Write a program to test whether a number is divisible by 5 and 10 or by 5 or 10. 


num=int (input (‘Enter the number:’) ) 


print (‘Entered Number is: ‘,num) 
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2 


if(num % 5 == 0 and num % 10==0): 
print (num,’ is divisible by both 5 and 10’) 
ie (atin & 5 == © Cie iti 4 10) ==} ©) 2 
jovealiane (iaybind, ” ays) iclaisvalsslollke loyy 5) Cie i110” }) 
else: 
jorealiaie (Galbinl; / SLC) invoice: hivaleiioll Calicineie loyy 5) ne 10)” )} 


Output 


#Test Case 1: 

Enter the number:45 
Entered Number is: 45 

45 is divisible by 5 or 10 


#Test Case 2: 

Enter the number:100 

Entered Number is: 100 

100 is divisible by both 5 and 10 
100 is divisible by 5 or 10 


Explanation In the above program, the number is read from the user. The Boolean expression 
num % 5 == 0 and num % 10==0 checks whether the number is divisible by both 5 and 10. Again 
the Boolean expression num % 5 == 0 or num % 10 == 0 is used to check if the number entered is 
divisible either by 5 or by 10. 


@ Note: Conditional or Short Circuit AND Operator: If one of the operands of an AND operator is 
false, the expression is false. Consider two operands OP] and OP2. When evaluating OP1 and OP2, 
Python first evaluates OP1 and if OP1 is True then Python evaluates the second operand OP2. Python 
improves the performance of the AND operator, i.e. if the operand OP1 is False, it does not evaluate 
the value of the second operand OP2. The AND operator is also referred to as conditional or short 
circuit AND operator. 


Conditional or Short Circuit OR Operator: We have seen in Table 4.2 that even if one of the operands 
of an OR operator is True, the expression is True. Python improves the performance of the OR operator. 
Consider two operands OP] and OP2 and the expression OP1 or OP2. While evaluating the expression 
OP1 or OP2, Python first evaluates OPI. If OP1 is False, it evaluates OP2. If OPI is True, it does not 
evaluate OP2. The OR operator is also referred to as conditional or short circuit OR operator. 


4.7.3 Nested if Statements 


When a programmer writes one if statement inside another if statement then it is called a nested 
if statement. A general syntax for nested if statements is given as follows: 


if Boolean-expressionl: 
if Boolean-expression2: 


statementl 
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statement2 
else: 


statement3 


In the above syntax, if the Boolean-expressionl and Boolean-expression2 are correct then 
statement! will execute. If the Boolean-expression1 is correct and Boolean-expression2 is incorrect 
then statement2 will execute. And if both Boolean-expressionl and Boolean-expression2 are 
incorrect then statement3 will execute. 


A program to demonstrate the use of nested if statements is given as follows: 


PROGRAM 4.7 | Write 2 program to read three numbers from a user and check if the first number is greater or 
less than the other two numbers. 


numl=int (input (“Enter the number:”) ) 
num2=int (input (“Enter the number:”) ) 
num3=int (input (“Enter the number:”) ) 
if numlsnum2: 

if num2snum3: 

print (num1,”is greater than “,num2,”and “,num3) 

else: 

print (num1,” is less than “,num2,”and” ,num3) 
print (“End of Nested if”) 


Output 


Enter the number:12 

Enter the number: 34 

Enter the number:56 

12 is less than 34 and 56 
End of Nested if 


Explanation In the above program, three numbers—num1, num2 and num3—are provided from 
the user through a keyboard. Initially, the if condition with Boolean expression num1>numz2 is 
checked if it is true and the then other nested if condition with Boolean expression num2>num3 
is checked. If both the if conditions are true then the statements following the second if statement 
are executed. 


4.7.4 Multi-way if-elif-else Statements 
The syntax for if-elif-else statements is given as follows: 


If Boolean-expression1l: 
statementl 


elif Boolean-expression2 
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statement2 
elif Boolean-expression3 


statement3 


elif Boolean-expression n 
statement N 
else 


Statement (s) 


In this kind of statements, the number of conditions, ie. Boolean expressions are checked from 
top to bottom. When a true condition is found, the statement associated with it is executed and the 
rest of the conditional statements are skipped. If none of the conditions are found true then the 
last else statement is executed. If all other conditions are false and if the final else statement is not 


present then no action takes place. 


Write a program to prompt a user to read the marks of five different subjects. Calculate the 
PROGRAM 4.8 : : 

total marks and percentage of the marks and display the message according to the range of 

percentage given in table. 


Percentage Message 
per > = 90 Distinction 
per > = 80 && per < 90 First Class 


per > = 70 && per < 80 


Second Class 


per <60 


per > = 60 && per < 70 


First Class 


Fail 


Subject1i=float (input (“Enter 


( 
Subject2=float (input (“Enter 

(“Enter 

( 


( 

( 
Subject3=float (input 
Subject4=float (input (“Enter 
( 


Subject5=float (input (“Enter 


per=sum/5 


print (“Percentage = “,per) 
if per>=90: 

jouealiave ( MIDEL Sie Tiayete tea” )) 
Gllsies 

if per>=80: 


print (“Total Marks Obtained”, 


the 
the 
the 
the 
the 


print (“ First Class”) 


sum, 


Marks 
Marks 
Marks 
Marks 
Marks 


of 
of 
of 
ir 
Oils 


Data-Structure:”) ) 
Python:”) ) 
Java:"”)) 

C Programming:”) ) 
TeEIONWLy 3“? )) )) 


sum=Subject1+Subject1+Subject3+Subject4+Subject5 


“Out of 500”) 
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aie OSH S= I/O) 8 


print (“Second Class”) 


else: 
if per>=60: 
print (“Pass”) 
else: 
joneabiaye, (( ip erat JL”) 
Output 


Enter the Marks of Data-Structure: 60 
Enter the Marks of Python: 70 

Enter the Marks of Java: 80 

Enter the Marks of C Programming: 90 
Enter the Marks of HTML: 95 

Total Marks Obtained 385.0 out of 500 
Percentage = 77.0 

Second Class 


Explanation In the above program, the marks of five subjects are entered through a keyboard. 
Their sum and average is calculated. The percentage obtained is stored in the variable ‘per’. The 
obtained percentages are checked with different conditions using if-else blocks and the statements 
are executed according to the conditions. 


@ Note: The above program consists of if-else-if statements. It can also be written in if-elif-else form 
as shown in Figure 4.5(b). 


if per>=90: IE jQSeS=)O ¢ 
ea Ee une print (“Distinction”) 
else: 


if per>=80: elif per>=80: 


joresliate(“ Jnalselsie (Cileyeys\”)) print (“ First Class”) 
ee ilsse joeres=7/0) 3 
if per>=70: 
print ("Second Class”) print (“Second Class”) 
else: Sais jee s=—H0) e 


if per>=60: print (“Pass”) 
print (“Pass”) 
aan ei see 


jorealiae (tae lab IL”) jovealiake, (se \L IL" )) 
(a) (b) 
Figure 4.5 (a) if-else-if-else (b) ifelif-else 
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True 
Y 


print ('Distinction') 


print ('First Class') 


False 14 
[print (‘second class')| 


B | 


True 


print (' 


Pass') 


print ('Fail') 


Figure 4.6 Flowchart for multi-way if-else-if statements 
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between 1 and 7 then display the respective name of the day. 


Write a program to prompt a user to enter a day of the week. If the entered day of the week is 


Day=int (input (“Enter the day of week:”) ) 
Wie Clayy==il s 
print (“ Its Monday”) 
elif day==2: 
print (“Its Tuesday”) 
elif day==3: 
print (“Its Wednesday” ) 
elif day==4: 
print (“Its Thursday” ) 
elif day==5: 
print (“Its Friday”) 
elif day==6: 
jreiliae (“es Seiswuacleny” )) 
elif day==7: 
print(“ Its Sunday”) 
enksier: 
print (“Sorry!!! Week contains only 7 days”) 
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Output 


Enter the day of week: 7 


Its Sunday 


PROGRAM 4.10 Write @ program that prompts a user fo enter two different numbers. Perform basic arithmetic 
operations based on the choices. 


imuhnL—se Ivoysne: (Glinjoyblie, (MniaicSie lave; iealicisic iayvinloyee 9‘? )) ) 


num2=float (input (“Enter the Second number:”) ) 


jonealiqne (aL) 7Nelclaiieskerm ™“) 

print (“2) Subtraction “) 

joealioie ((%s})) Wibubicaijollseeyestera ~Y)) 

jopealione (O44) IDalwaLsalermn )) 

choice = int(input (“Please Enter the Choice:”) ) 


pach once——ile- 

print (“ Addition of “,numl1,”and” ,num2,”is:”,numl+num2) 
Gulsié Claouces=2 g 

print (“ Subtraction of “,num1,”and” ,num2,”is:”,numl1-num2) 
@ilise Clavosliees=3} g 

print (“ Multiplication of “,num1,”and” ,num2,”is:”,numl1*num2) 
@ulasé Clavesices=H g 

print (“ Division of “,num1,”and” ,num2,”is:”,num1/num2) 
else: 


print (“Sorry!!! Invalid Choice”) 


Output 


Enter the first number:15 

Enter the Second number:10 

1) Addition 

2) Subtraction 

3) Multiplication 

4) Division 

Please Enter the Choice:3 

Multiplication of 15.0 and 10.0 is: 150.0 


4.8 CONDITIONAL EXPRESSIONS 


Consider the following piece of code. 
if x%2==0: 


x = xX*x 
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In the above code, initially, x is divided by 2. If x is divisible by 2 then the square of the number 
is assigned to variable x, else the cube of the number is assigned. To improve the performance 
of simple if-else statements, Python provides a conditional expression. Using this conditional 
expression, the code above can be rewritten as: 


xX=x*x if x % 2 == 0 else x*x*x 


Therefore, the general form of conditional expression is: 


Expression, if condition else Expression, 


Expression, is the value of the conditional expression if the condition is true. 
Condition is a normal Boolean expression that generally appears in front of an if statement. 
Expression, is the value of the conditional expression if the condition is false. 


Consider the program without conditional expression given as follows: 


PROGRAM 4.11 | Write a program to find the smaller number among the two numbers. 


numl=int (input (‘Enter two Numbers: ’) ) 
num2=int (input (‘Enter two Numbers:’) ) 


ise ivi < iain: 


min=numl 

jonealione, ( “udalias = * ,, iinakiat)) 
else: 

min=num2 

jorealiave, (ymalio = ~ , iidalial)) 
Output 


Enter two Numbers: 20 
Enter two Numbers: 30 
Miia = 20 


The same program can be written using conditional expression as follows: 


numl=int (input (‘Enter two Numbers:’ ) ) 
num2=int (input (‘Enter two Numbers:’) ) 


(alia, = joacsioie (“dain = » ,iniviglil) ase imi < mie Silse jorslioc (“ialin = ~, imum) 


Output 


Enter two Numbers: 45 
Enter two Numbers: 60 


Malia = 415 


Decision Statements 


Note: Many programming languages, such as Java, C++ have a '2:’, i.e. ternary operator. This is a 
conditional operator. The syntax for the ‘2.’ ternary operator is: 


Boolean expression? if true return valuel: if false return _value2 


The ternary operator works like if-else. If the Boolean expression is true, it returns valuel and if the 
Boolean expression is false, it returns the second value. 
Python does not have a ternary operator. It uses a conditional expression. 


WN ada @N) 68 a Finding the Number of Days in a Month 


This mini project will make use of programming features such as if statement and elif statements. 
It will help a programmer to know the number of days in a month. 


Hint: If entered the month is 2 then read the corresponding year. To know the number of days 
in month 2 check if the entered year is a leap year. If leap then num_days = 29 or not leap then 
num_days = 28 for month 2, respectively. 


Leap year: A leap year is divisible by 4 but not by 100 or divisible by 400. 


Algorithm 


© STEP 1: Prompt the month from the user. 
© STEP 2: Check if the entered month is 2, i.e. February. If so then go to Step 3, else go to Step 4. 


© STEP 3: If the entered month is 2 then check if the year is a leap year. If it is a leap year then 
store num_days = 29, else num_days = 28. 


© STEP 4: If the entered month is one of the following from the list (1, 3, 5, 7, 8, 12) then store 
num_days = 31. Or if the entered month is from the list (4, 6, 9, 11) then store num_days 
= 29. If the entered month is different from the range (1 to 12) then display message 
“Invalid Month”. 


© STEP 5: If the input is valid then display the message as “there are N number of days in the 
month M”. 


Program 


#Number of Days in a Month 


print (‘Program will print number of days in a given month’ ) 
#init 


flag = 1 # Assumes user enters valid input 


#Get month from the user 
month = (int (input (‘Enter the month(1-12):’))) 


(Contd.) 
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# Check if entered month = 2 i.e. February 
ie (Wome == 


year = int (input(‘Enter year:’)) 


aie (Gyeeie & 2 == ©) incl (moje (year 4S 100 == 0)))) ore (\yaeie & 4OO == O) 2 
num_days = 29 
else: 
num_days = 28 
# if entered month is one from (jan, march, may, july, august, october, or 
december) 
Gilaie (ome din (1.3,5,7,8, 10,12) s 
num_days = 31 
# if entered month is one from (April, June, September November, ) 
Gubsise jukorahela, shim (45, 6, ©) ala) 
num_days = 30 
elise: 
print (‘Please Enter Valid Month’ ) 
elles} = @ 


#Finally print num days 
ase ielleg s= ig 


print (‘There are ‘,num_ days, ‘days in’, month,’ month’) 


Output (Case 1) 


Program will print number of days in a given month 
Enter the month (1-12) 2:2 

Enter year: 2020 

There are 29 days in 2 month 


Output (Case 2) 


Program will print number of days in a given month 
Enter the month (1-12) 24 
There are 30 days in 4 month 


Thus, the above case study helps the user to know the number of days for the entered year. 


— SUMMARY 


¢ A Boolean expression contains two values, viz. True and False. 
¢ True and False are of type ‘bool’. 
¢ The and, or and not are the three basic Boolean operators. 


Decision Statements 


¢ The not operator has highest precedence, followed by and and then or. 

¢ A programmer can use strings with Boolean operators. 

¢ The == operator compares two values and produces a Boolean value. 

¢ Python supports various relational Operators such as, >, <, >=, <= and !=. 

¢ Applying relational operators on numbers and characters yields a Boolean value. 

¢ Python Supports various decision statements, such as if, if-else and multi-way if-elif-else statements. 
¢ Python does not have a ternary operator. It uses a a conditional expression instead. 


KEY TERMS 
ee 


= Boolean Expressions: An expression whose value is either True or False. 


u 


Logical Operators: Comprise the and, or and not operators. 


= Relational Operators: Comparison of two values with relational operators, such as <, <=, >, >=, != and 
== operators. One of the operators among them is used while comparing two operands. 


= Conditional Expression: Evaluates expression based on condition. 


= Conditional or Short Circuit AND Operator: Improves performance. Python avoids executing the 
second operand in case the first operand is false. 


= Conditional or Short circuit OR Operator: Improves performance. Python avoids executing the 
second operand in case the first operand is true. 


oo REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. What will be the output of following program after the execution of the following code? 


x = 0 


yo Suyeo# 2 
else: 
yreyersd 

print(* Y =’,y) 

a. 1 b. 0 

c. 2 d. 5 

2. What will be stored in num after the execution of the following code? 

i=10 
4=20 


k=30 
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if j>k 
lp aes ear | 
num = i 
else 
num = j 
else 
if i>k 
num = i 
else 
num = k 
print (‘Num = ‘,num) 
a. 10 b. 20 
c. 30 d. None of the above 
Which of the following Python logical expressions can determine whether x and y are greater than z? 
a x&y>z b. (x>z) &y >z) 
c. (y>z) &(x>y) d. Bothbandc 


e. All of the above 
Evaluate the following Python expression and tell the value in terms of true and false. 


a. i=5 b. i=5 
j=10 k=15 
k=15 print( k %i< k / i) 


print(i == k / j) 
What will be the output of the following code fragment assuming num is 10? 


num=10 


print (‘Apple’) 
print (‘Grapes’) 
print (‘No Output’) 


a. Apple b. Grapes 
c. Apple Grapes d. No Output 
What will be the output of the following program? 


P=int (True) 


g=int (False) 

print (“P= *)p) 

print (‘gq = ‘,q) 
a. Error b. p=0 q=1 
c. p=Irue q=False d. p=landq=0 

Evaluate the following Boolean expressions. Consider the value of P, Q and R as 4, 5 and 6, respectively. 
a. P>7 b. P<Z7andQ>2 


c. P==1 d. P>2 || Q>6 
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8. What will be the output of the following program if the value stored in variable num is 19? 
if num % 2 == 
print (num,’ is odd number’ ) 
print (num,’ is even number ‘) 


9. Consider the two different blocks of codes a) and b) given as follows. State which of the following codes 
is better and why. 


a. 
weight = 10 
if weight>=55: 
print (‘ The person is eligible for Blood Donation ‘) 
if weight<55: 


print(‘ The person is not eligible for Blood Donation’ ) 


weight = 10 
if weight>=55: 

print(‘ The person is eligible for Blood Donation ‘) 
else: 


print(‘ The person is not eligible for Blood Donation’ ) 


10. What will be the output of the following program? 
if ( 20 < 1) and (1 « -1): 
print (“Hello”) 
elif (20510) or False: 
print (‘Hii’) 


else: 
print (‘Bye’) 
a. Hello b. Hii 
c. Bye d. Error 


B. True or False 


In monolithic programs, the instructions are executed sequentially one by one. 
There are only three Boolean values. 

The and, or and not are only three basic Boolean operators. 

The not operator is a binary operator. 

In Python, a programmer cannot use numbers along with Boolean operators. 
A Python programmer can use strings with Boolean operators. 

The if statement executes a statement if the condition is true. 

The == operator compares two values and produces a Boolean value. 


we ONAT EY NY 


With if-elif-else statements, the number of Boolean expressions is checked from top to bottom. When a 
true condition is found, the statement associated with it is executed. 


Rp 
2 


Integer equivalent of True is 0. 
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C. Exercise Questions 


1. Write the following statement in terms of if-else statement in Python. 
a. If temperature is greater than 50 then temperature is hot, otherwise temperature is cold. 
b. If age is greater than 18 then fare is $400, otherwise fare is $200. 
2. Write the Boolean expressions for the following statements. 
a. If age is greater than 5 and less than 10. 
b. If age is less than 3 and greater than 70, display the message “No Air Fare”. 
What are Boolean operators? Explain each operator. 
Is it necessary to change the flow control in a program? 
What are the different ways in which the flow control can be changed in Python? 
List few Boolean expressions with relational operators. 
Give the syntax for if_else statement. 
Illustrate the nested if statements with a suitable example. 


we PND TE YW 


What is a conditional expression? 
10. Draw and explain multi-way if-elif-else statements. 


PROGRAMMING ASSIGNMENTS 


1. Write a program to prompt (input) year and check if it is a leap year. 
2. Write a program to calculate an Internet browsing bill. Use the conditions specified as follows: 
a. 1 Hour -%20 
b. % Hour - 710 
c. Unlimited hours in a day — %100 
The owner should enter the number of hours spent on browsing. 


3. Write nested if statements to print the appropriate message depending on the value of the 
variables temperature and humidity as given as follows. Assume that the temperature can 
only be warm and cold and the humidity can only be dry and humid. 


if temperature is if humidity is Print this activity 
Warm Dry Play Basketball 
Warm Humid Play Tennis 
Cold Dry Play Cricket 
Cold Humid Swim 


4. Write a program to calculate the square of only those numbers whose least significant digit is 
5: 


Example: Enter the number: 25 
Square: 25*25 = 625 
5. Consider a college cricket club in which a student can enroll only if he/she is less than 18 and 
greater than 15 years old. Write a program using the not operator. 
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CHAPTER OUTLINE 
5.1. Introduction 5.5 Nested Loops 
5.2 The while Loop 5.6 The break Statement 
5.3 The range() Function 5.7 The continue Statement 


5.4 The for Loop 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 

e Write programs using for and while loop to repeat a sequence of instructions 

e¢ = Write a program and perform a task until a condition is satisfied 

¢ Use loops to traverse the sequence of characters in string or traverse the sequence of integers 
e Apply the syntax and working of range() function 


¢ Control the execution of programs using break or continue statement 


5.1 INTRODUCTION 


In our day-to-day life, we perform certain tasks repeatedly. It can be tedious to perform such tasks 
using pen and paper. For instance, teaching multiplication tables to multiple classes can become 
easier if the teacher uses a simple computer program with loop instructions instead of pen and 


paper. 
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Let us try to understand the concept of control statements in this context. Suppose a programmer 
wants to display the message, “I Love Python” 50 times. It would be tedious for him/her to 
write the statement 50 times on a computer screen or even on paper. This task can become very 
easy, quick and accurate if the programmer completes it using loop instructions in a computer 
programming language. Almost all computer programming languages facilitate the use of control 
loop statements to repeatedly execute a block of code until a condition is satisfied. 

Consider the example to print the statement, “I Love Python” 50 times. Assume that the 
programmer doesn’t know the concept of control statements and writes the code in the following 
manner. 


Example 


print (“I Love Python”) 
print (“I Love Python”) 
print (“I Love Python”) 


print “I Love Python” for 50 times 


print (‘I Love Python’ ) 


In the above example, the print statement is written for displaying the message 50 times. This 
can be done more easily using loop in Python. Loops are used to repeat the same code multiple 
times. Python provides two types of loop statements, viz. while and for loops. The while loop 
is a condition controlled loop. It is controlled by true or false conditions. The for loop is a count 
controlled loop which repeats for a specific number of times. 

After understanding the concept of loop, a programmer can take up any challenging application 
in which statements/actions are to be repeated several times. 


5.2 THE while LOOP 


The while loop is a loop control statement in Python and frequently used in programming for 
repeated execution of statement(s) in a loop. It executes a sequence of statements repeatedly as long 
as a condition remains true. The syntax for while loop is given as follows: 
while test-condition: 
#Loop Body 


statement (s) 


5.2.1 Details of while Loop 


The reserved keyword while begins with the while statement. The test condition is a Boolean 
expression. The colon (:) must follow the test condition, i.e. the while statement be terminated with 
a colon (:). The statement(s) within the while loop will be executed till the condition is true, i.e. the 
condition is evaluated and if the condition is true then the body of the loop is executed. When the 
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condition is false, the execution will be completed out of the loop or in other words, the control 
goes out of the loop. The flowchart in Fig. 5.2 shows the execution of the while loop. 


5.2.2 Flowchart for while Loop 


Loop Test 
Condition? 


Statement(s) 


Figure 5.1 Flowchart of while loop 


PROGRAM 5.1 | Write a program to print the numbers from one to five using the while loop. 


count=0 #initialize the counter 

while count<=5: # Test condition 
joredinie (“Coume = “, cowiaie)) # print the value of count 
count=count+1 # Increment the value of count by 1 

Output 

Count = 0 

Cowie = i 

Count = 2 

Cowie = 8) 

Count = 4 

Count — 5 


Explanation In the above program, initially the value of a variable count is initialised to 0. The 
loop checks whether the value of the count is less than 5 (count<=5). If the condition is true, it 
executes the part of the loop that contains the statements to be repeated in order to display the 
value of count and it increments the value of count by 1. It repeatedly executes the statements 
within the loop until count<=5. The loop terminates when the value of count reaches 6. 


To) Note: Precaution is to be taken while writing statements within the while loop. 
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Consider the program as shown in Figure 5.2. 


count=0 
while count<=5: 
print (“Count = “,count) 


count=count+1 


count=0 
while count<=5: 
print (“Count = “,count) 


count=count+1 


(a) Good Code 


(b) Bad Code 


Figure 5.2 Precautions regarding the while loop 


In Figure 5.2 (a) the value of count is initially set to 0. Then it increments to 2, 3, 4 and 5. When 
the value of count becomes 6, the condition count<=5 is false and the loop exits. 


Consider the Figure 5.2 (b) where the loop is mistakenly written as: 


count=0 
while count<=5: 
print (“Count = “,count) 


count=count+1 


The above code is called bad code because the entire loop body must be indented inside the loop. 
Since the statement count=count+1 is not in the loop body, the loop executes for infinite number of 
times. And because the value of count is always 0, the condition count <=5 is always true. 


@ Note: All statements within the while block must be indented with the same number of spaces. 


PROGRAM 5.2 | Write a program to add 10 consecutive numbers starting from 1 using the while loop. 


count=0 #initialize the counter 


sum=0 #initialize sum to zero 


while count<=10: 
sum= sum +count 


count=count+1 
1 


print (“Sum of First 10 Numbers = “,sum) 


Output 


Sum of First 10 Numbers = 55 


#test condition if true 
#add sum + count 


#increase the value of count by 


#print sum 


PROGRAM 5.3 | Write a program to find the sum of the digits of a given number. 


For example, if a user enters 123. The program should return (3+2+1), i.e. 6 as the sum of all the digits in a number. 


x=num 


num=int (input (“Please Enter the number:”))#Read Number from User 


#Assign value of num to x 


(Contd.) 
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rem=0 


while num>0: 
rem=num % 10 
num=num // 10 
sum=sum + rem 


print (“Sum of the digits of an entered number “,x,” is = “,sum) 


Output 


Please Enter the number: 12345 
Sum of the digits of an entered number 12345 is = 15 


Explanation The integer number is read from the user through the keyboard and it is stored in 
variable num. Initially, the value of sum and rem are initialised to 0. Unless and until the value of 
num>0 the statements within the loop continue to be executed. The modulus operator, i.e. num%10 
and the division operator, i.e. num//10 are used frequently to obtain the sum of the numbers 
entered. 


5.2.3. Some More Programs on while Loop 


PROGRAM 5.4 | Write a program to display the reverse of the number entered. 


For example, if a user enters 12345. The program should return (54321), i.e. the reverse of the number entered. 


num =int (input (“Please Enter the number: “)) 
x=num 
rev=0 
while nums0: 
rem=num % 10 
num=num // 10 
rev=rev*10+rem 


print (“Reverse of a entered number “,x,” is = “,rev) 


Output 


Please Enter the number: 8759 


Reverse of a entered number 8759 is = 9578 


PROGRAM 5.5 Write a program to print the sum of the numbers from 1 to 20 (1 and 20 are included) that are 
divisible by 5 using the while loop. 


Counva. 


sum=0 


(Contd.) 
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while count<=20: 
ie COuMcess s= Oe 
sum=sum+count 
count=count+1 


print (“The Sum of Numbers from 1 to 20 divisible by 5 is: “,sum) 


Output 


The Sum of Numbers from 1 to 20 divisible by 5 is: 50 


PROGRAM 5.6 | Write a program using the while loop to print the factorial of a number. 


Factorial of 6 = 6*5*4*3*2*] = 720 


Num=int (input (“Enter the number:”) ) 
aCie—al 
ans=1 
while fact<=num: 
ans=ans*fact 
fact=fact+1 


joresliaie (“i ClEoneial CIE” piavim,” aleig “ , evays)) 


Output 


Enter the number:6 
Factorial of 6 is: 720 


eT Note: The factorial of a number is defined as the product of all the numbers from 1 to n. 


PROGRAM 5.7 | Write a program to check whether the number entered is an Armstrong number or not. 


153 = 134 53+ 33 = 153 


num=int (input (“Please enter the number: “) ) 
sum=0 
x=num 
while nums0: 
d=num%10 


num=num // 10 


sum=sum+ (d*d*d) 


(Contd.) 
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iit (b= Shui) 
print (“The number “, x ,”is Armstrong Number” ) 
else: 


print (“ The number “, x ,”is not Armstrong Number” ) 


Output 


Please enter the number: 153 
The number 153 is Armstrong Number 


ro) Note: An Armstrong number is a number which is equal to the sum of the cube of its digits. 


5.3 THE range () FUNCTION 


There is a inbuilt function in Python called range(), which is used to generate a list of integers. 
The range function has one, two or three parameters. The last two parameters in range() are 
optional. 

The general form of the range function is: 


range (begin, end, step) 
The ‘begin’ is the first beginning number in the sequence at which the list starts. 


The ‘end’ is the limit, ie. the last number in the sequence. 
The ‘step’ is the difference between each number in the sequence. 


5.3.1 Examples of range () Function 


Example 1 


Create a list of integers from 1 to 5. 
>>> list (range (1,6) ) 
[1,2,3,4,5] 


range(1,6) function is used in the above example. It generates a list of integers starting from 1 to 
5. Note that the second number, i.e. 6 is not included in the elements of this list. By default, the 
difference between the two successive numbers is one. 


Note: The above range (1,6) is equivalent to range(6). The output of both the range functions will be 
the same. 


Example 2 

Create a list of integers from 1 to 20 with a difference of 2 between two successive integers. 
>>> list (range(1,20,2)) 

[toe Bip Sy Ty Oy A 18) Sy 17, 19) 
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range(1,20,2) function is used in the above example. It generates a list of integers starting from 1 
with a difference of two between two successive integers up to 20. 


Table 5.1 shows different examples of the range() function with relevant outputs. 


Table 5.1 Examples of range() function 


Example of Range Function Output 
range(5) [0, 1, 2, 3, 4] 
range(1,5) [1, 2, 3, 4] 
range(1,10,2) [1 3,5, 7, 9] 
range(5,0,-1) [5, 4, 3, 2, 1] 
range(5,0,-2) [5, 3, 1] 
range (-4,4) [-4, -3, -2, -1, 0, 1, 2, 3] 
range (-4,4,2) [4727072] 
range(0,1) [0] 
range(1,1) Empty 
range(0) Empty 


5.4 THE for LOOP 


The for loops in Python are slightly different from the for loops in other programming languages. 
The Python for loop iterates through a sequence of objects, i.e. it iterates through each value in a 
sequence, where the sequence of object holds multiple items of data stored one after another. 

In the forthcoming chapters, we will study various sequence type objects of Python, such as 
string, list and tuples. The syntax of for loop is given as follows: 


for var in sequence: 


statement (s) 


5.4.1 Details of for Loop 


The for loop is a Python statement which repeats a group of statements for a specified number 
of times. As described in the syntax, the keywords for and in are essential keywords to iterate 
the sequence of values. The variable var takes on each consecutive value in the sequence and the 
statements in the body of the loop are executed once for each value. A simple example of for loop is: 


for var in range(m,n): 


print var 


As discussed in Section 5.3, the function range(m, n) returns the sequence of integers starting 
from m, m+1, m+2, m43.............. n-1. 
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PROGRAM 5.8 | Use for loop to print numbers from 1 to 5. 


1e@ue al lial Teehavsre (il, G)) g 
joueakimie (aL) 
print (“End of The Program” ) 


Output 


Oo B® WN HB 


End of The Program 


Explanation In the above program, the sequence of numbers from 1 to 5 is printed. These numbers 
are generated using the inbuilt range() function. The expression range(1, 6) creates an object 
known as an iterable. This allows the for loop to assign the values 1, 2, 3, 4 and 5 to the iteration 
variable i. During the first iteration of the loop, the value of i is 1 within the block. During the 
second iteration, the value of i is 2 and so on. 


PROGRAM 5.9 | Display capital letters from A to Z. 


print (“ The Capital Letters A to Z are as follows:”) 
for i in range(65,91,1): 


jonealiale (law ((al)) , Gravcl=” “)) 


Output 


The Capital Letters A to Z are as follows: 
iN jek (© ID) Wy te (EP Tah Ik wd) 1G Ly WE NY ©) 1B (0) I SI UWS Oe 


Explanation The range() function contains three different parameters, viz. (begin, end, step_ 
size). As in the above program, the range function contains the values 65, 90 and 1. It indicates 
to print the characters whose ASCII value starts from 65 and ends at 90. Therefore, the statement 
print(chr(i),end=” “) is used to print equivalent character value of ASCII value. 


5.4.2 Some More Programs on for Loop 


PROGRAM 5.10 | Use for loop to print numbers from 1 to 10 in the reverse order. 


print (“Numbers from 1 to 10 in Reverse Order: “) 
ie@ye al alial seeuaKoes (ALO, ©, =i) 


print (i,end=" “) 


print (“\n End of Program” ) 


(Contd.) 
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Output 


Numbers from 1 to 10 in Reverse Order: 
LO S87 USC Be 


End of Program 


PROGRAM 5.11 | Write a program to print squares of the first five numbers. 


1e@fe aL aig ieeyaree) (il, 3) 3 

square=i*i 

jonentioue (WGyeisieneSs Ci “Sp al,4 ale ~, SiejbleuaS), 
print (“End of Program” ) 


Output 

Square of 1 is: 1 
Square of 2 is: 4 
Square of 3 is: 9 
Square of 4 is: 16 


Seiieuas Ce | alse 2S 


End of Program 


PROGRAM 5.12 | Write a program to print even numbers from 0 to 10 and find their sum. 


sum=0 
print (“Even numbers from 0 to 10 are as follows”) 
ie@xe al alia sieves; (@, Li, iL) 2 
Wie LS2==O¢ 
jonealioie’ (at ) 
sum=sum+i 


print (“Sum of Even numbers from 0 to 10 is = ”,sum) 


Output 


Even numbers from 0 to 10 are as follows 


nN FN O 


8 
10 


Sum of Even numbers from 0 to 10 is = 30 
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PROGRAM 5.13 | Write a program to calculate the sum of numbers from 1 to 20 which are not divisible 2, 3 or 5. 


Sum=0 
print (“Numbers from 1 to 20 which are not divisible by 2,3,or 5”) 
iene’ al, Gliak Aeehavefe((il, AO) 2 
iit I28=S=0) of A153==0 or 1B5==0) 2 
jonealiaie. (8) 
else: 
jonealioie’ (at ) 
sum=sum+i 


print (“Sum of Even numbers from 1 to 10 is = ”,sum) 


Output 


Numbers from 1 to 20 which are not divisible by 2, 3, and 5 
L 

a 

nba Y 

a3 

Bi 

ILS) 

Sum of Even numbers from 1 to 10 is = 68 


PROGRAM 5.14 Write a program that prompts a user to enter four numbers and find the greatest number 
among the four numbers entered. 


Numl=int (input (“Enter the first Number:” 
“Enter the first Number:” 
“Enter the first Number:” 


num4=int (input (“Enter the first Number:” 


num2=int (input 


num3=int (input 


( ( 
( ( 
( ( 
( ( 
sum=numl+num2+num3+num4 
print (“The sum of Entered 5 Numbers is = “,sum) 
for i in range(sum) : 

Wi ASS ox TSS Cie Wesabe Cie tSSinbI4! 


Large=i 


print(“ Largest Number = “, Large) 
print (“End of Program” ) 


Output 


Enter the first Number: 
Enter the first Number: 3 
Enter the first Number: 12 


iS 


(Contd.) 
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Enter the first Number: 2 

The sum of Entered 5 Numbers is = 21 
Largest Number = 12 

End of Program 


PROGRAM 5.15 | Write a program to generate a triangular number. 


If the number entered is 5, its triangular number would be (1+2+3+4+5) = 15. 


Num=int (input (“Please enter the Number: “) ) 
Triangular Num=0 
for i in range(Num,0,-1): 

Triangular Num=Triangular_Num+i 


print (“ Triangular Number of “,Num,” is = “,Triangular_ Num) 


Output 


Please enter the Number: 10 
Triangular Number of 10 is = 55 


@ Note: A triangular number is nothing but the summation of | to the given number. 


PROGRAM 5.16 | Write a program to print Fibonacci series up to 8. 


First_ Number = 0 
Second_Number = 1 
Fibonacii Series = 0 112358 13 21 34 55 


First _Number=int (input (“Please enter First Number:”) ) 
Second _Number=int (input (“Please enter First Number:”) ) 
Limit=int (input (“ Number of Fibonacci Numbers to be Print: ")) 
Prine Chasse Numbers cmcd— ae.) 
print (Second Number,end=" “) 
for i in range (Limit+1) : 

sum=First_Number+Second Number 

First _Number=Second Number 


Second Number=sum 


print (sum,end=”" “) 
(Contd.) 
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Output 


Please enter First Number:0 

Please enter First Number:1 

Number of Fibonacci Numbers to be Print: 8 
LDN SoS SU eS 


5.5 NESTED LOOPS 


The for and while loop statements can be nested in the same manner in which the if statements 
are nested. Loops within the loops or when one loop is inserted completely within another loop, 
then it is called nested loop. 


PROGRAM 5.17 | Write a program to demonstrate the use of the nested for loop. 


iene al iligl wena (il, 4, il) 2 #Outer Loop 

iOIe 3) aim seetoveS (AL, 4), iL)) 2 #Inner Loop 
jopealique:(( Sak SN Gh! S) ee Sa al ea SL ae Sf) 

print (“End of Program” ) 

Output 

ay dk Gp cee aly ak te Ve 

tLe ilyje2idbye 3 

Led ye 3 bp 7 = 4 

LeQ yea tej Ss 3 

te2giyjeseBQZaeigjgea 

Leegyesgist 7-25 

tes z]elies 7 ea 

Le syzaeQi#s 7 eS 

btegZ jyeSige yz 5S 6 

End of Program 


Explanation In the above program, we have used two loops. One is the outer loop and the other 
is the inner loop. The inner loop ‘4’ terminates when the value of j exceeds 3. Whereas, outer loop ‘i’ 
terminates when the value of i exceeds 3. 


PROGRAM 5.18 | Write a program to display multiplication tables from 1 to 5. 


Print (“Multiplication Table from 1 to 5 %) 
1e@e SL lig seymee\ (AL, Ui, il) e #Outer Loop 


ioe 5] alin seine (iL, G, il) #Inner Loop 


(Contd.) 
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joreaLinve, (ie@rgmmeie (al <a), Aye”) , Gravel” ™)) 
print () 
print (“End of Program” ) 


Output 


Multiplication Table from 1 to 5 

iL 2 3 4 5 
4 6 8 10 
6 9 12 ILS) 
8 I 16 20 
10 nIBES 20 7S) 
18 24 30 
14 BAL 28 35) 
16 24 32 40 
iLife} 2e), 36 45 
20 30 40 50 
End of Program 


oCWU ON DU KR WN 
IN) 


pay 


Explanation The program contains two for loops. The ‘j’ for loop is the innermost for loop and 
the ‘i’ for loop is the outermost for loop. The outermost loop ‘i’ executes for 10 times. For each value 
of ‘i, the innermost loop ‘j’ executes 5 times. At the same time for each value of ‘i’, the product 
i*j is carried out. To align the numbers properly, the program formats the product of i*j using 
format(i*j,”4d”). The digit 4d within format() specifies a decimal integer format with width 4. 


5.5.1 Some More Programs on Nested Loops 


PROGRAM 5.19 | Write a program to display the pattern of stars given as follows: 


* * * * * 
* * * * 

* * * 

* * 


* 


print (“ Star Pattern Display”) 
num=7 
x=num 
iOS A, Glin swehaveea{(il,,G, IL) 9 
num=num-1; 
for j in range(1,num,1): 
joneatinie ( 9 i Giavola” “S) 


x=num-1 


(Contd.) 
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joneatiane, (()) 
print (“End of Program” ) 


Output 
Star Pattern Display 
* * * * * 
* * * * 
* * * 
* * 
* 


End of Program 


PROGRAM 5.20 Write a program to display the pattern of stars given as follows: 


* * 

* * * 

* * * * 

* * * * * 


print (“ Star Pattern Display”) 
num=1 
x=num 
1e@fe aL alin seine (il, G6, iL)) 2 
num=num+41 ; 
for j in range(1,num,1): 
jonealiote (Ss SO Gravel’) 
x=num+1 
joneaiave, {()) 


print (“End of Program” ) 


Output 
Star Pattern Display 
* 
* * 
* * * 
* * * * 
* * * * * 


End of Program 


PROGRAM 5.21 | Write a program to display the pattern of numbers given as follows: 
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print (“ Number Pattern Display”) 
num=1 
x=num 
iOS I, iin, seehavee((il,, 6, 1l)) ¢ 
num=num+1 ; 
for j in range(1,num,1): 
joucaliove. (5), Giaycl=” ™) 
x=num+1 
print () 
print (“End of Program” ) 


Output 


Number Pattern Display 


3 
3.4 
Se AeeS 


End of Program 


BPP PP Pp 


2 
2 
2 
2 


PROGRAM 5.22 | Write a program to display the pattern of numbers given as follows: 


PPPP PPR 
NM NN DN 
w 
wd 


print (“ Number Pattern Display”) 
num=1 
x=num 
1e@Re a iim seme (il, 5, iL) e 
num=num+41; 
for j in range(1,num,1): 
jonealiote (5), Cia’ ©) 


x=num+1 


print () 


(Contd.) 
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num=5 


x=num 
OI GL iia weiner (iL, 5, i) g 
num=nium-= 1; 
oI J) alia seeioveS (AL, myvim, iL) 
(SHEE (S}, Cine” ™)) 
x=num-1 


joreatialte, (()) 


Output 


Number Pattern Display 


PoP PP Pp Pe 
NM MN ND 
Ww 
uN 


5.6 THE break STATEMENT 


The keyword break allows a programmer to terminate a loop. When the break statement is 
encountered inside a loop, the loop is immediately terminated and the program control automatically 
goes to the first statement following the loop. The flowchart for break is shown in Figure 5.3. 


Loop Test 
Condition? 


Y 
Exit Loop 


< Body of Loop 


Figure 5.3 Flowchart for break statement 
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The working of break in while and for loop is shown as follows: 


Working of break in while loop: 
while test-Boolean-expression: 

body of while 

if condition: 


break 
body of while 


—-» statement (s) 


Working of break in for loop: 
for var in sequence: 
body of for 
if condition: 


break 
body of for 


—-Y statement (s) 


PROGRAM 5.23 | Write a program to demonstrate the use of the break statement. 


print (“The Numbers from 1 to 10 are as follows:”) 
1eoNe AL Aiiel seehaxeye\ (il, WOO), I) 2 
alte (Gi ==7L41)) 2 
break 
else: 


jonealiote (al, Cin” ™)) 


Output 


The Numbers from 1 to 10 are as follows: 
a ate 56 er ey 


Explanation The above program prints the numbers from 0 to 10 on the screen. The loop terminates 
because ‘break’ causes immediate exit from the loop. 


PROGRAM 5.24 } Check if the number entered is prime or not. 


num=int (input (“Enter the Number:”) ) 
x=num 


for i in range(2,num): 


if num%i==0: #Check if entered number is divisible by i 
flag=0 
break 

euiser 


(Contd.) 
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flag=1 
aie (GElaACS=11)) 


print (num,” is Prime “) 


else: 


print (num,” is not prime “) 


Output 


#Test case 1: 

Enter the Number: 23 
23 is Prime 

#Test case 2: 

Enter the Number:12 


12 is not prime 


Explanation The number is read from the user through the keyboard. A prime number should 
be divisible by 1 and itself. Therefore, the variable ‘i’ is iterated from 2 to one less than the number 
entered. Each value of ‘i’ is used to check if ‘i’ can divide the number entered. 


5.7 THE continue STATEMENT 


The continue statement is exactly opposite of the break statement. When continue is encountered 
within a loop, the remaining statements within the body are skipped but the loop condition is 
checked to see if the loop should continue or exit. Flowchart for continue statements is shown in 
Figure 5.4. 


Condition? 


Y 
Exit Loop 


Body of Loop 


Figure 5.4 Flowchart for continue statement 
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The working of continue in while loop is shown as follows: 


—» while test-boolean-expression: 
body of while 
if condition: 
continue 
body of while 


statement (s) 
Alternatively, the working of continue in for loop is shown as follows: 


—» for var in sequence: 
body of for 
if condition: 
continue 
body of for 


statement (s) 
The difference between break and continue is given in Table 5.2. 


Table 5.2 Difference between break and continue functions 


Break Continue 

Exits from current block or loop. Skips the current iteration and also skips the 
remaining statements within the body. 

Control passes to the next statement. Control passes at the beginning of the loop. 

Terminates the loop. Never terminates the loop. 


PROGRAM 5.25 | Demonstrate the use of continue keyword. 


if@e al dig weymeje)((il,, Li, iL)) e 
aie ol Se Sys 
continue 


josealiote (al, Ginl= “)) 


Output 


A BS 46 7 ks S Abo) 


Explanation In each iteration in the above program, the value of the variable ‘i’ is checked. If 
the value of ‘i’ is 5 then continue statement is executed and the statements following the continue 
statement are skipped. 


PROGRAM 5.26 oe string “Hello World” from the user. Make use of continue keyword and remove 


Loop Control Statements @) 


strl=str (input (“Please Enter the String: “)) 


jonealiolte. ( MhaleSugeel Sleresiate; als} ¢ “, Sheed) 
print (“ After Removing Spaces, the String becomes:”) 
ie@ie al alig exe g 
aig Slee Se 
continue 


jovealiaie, (at, Eiayol='"” ) 


Output 


Please Enter the String: Hello World 
Entered String is : Hello World 

After Removing Spaces, the String becomes: 
HelloWorld 


Explanation The string strl is read from the user. Each character of entered string is iterated 
through the variable ‘i. The statement if i ==” “: is used to check if the entered string contains 
any space. If it contains space, the continue statement is executed and the rest of the statements 


following the continue statement are skipped. Finally, we obtain the string without spaces. 


MINI PROJECT Generate Prime Numbers using Charles Babbage 
Function 


Charles Babbage discovered the first calculating machine to print prime numbers for a given 
equation. This mini project will make use of if, if-else, if-elif and for loop concepts of programming. 


Let us consider the formula used by Charles Babbage: 
T=X?+X+41 


The above formula generates a sequence of values for T, which happen to be prime numbers. 
Thus, calculate the sequence of prime numbers T for the values of x starting from 0 to 5. The 
following table contains prime numbers generated by the Charles Babbage function. 


Table 5.3 Evaluation of Charles Babbage function 


D2 D1 T=X?+X4+41 (Value of X) 

41 
2 43 
4 47 
6 
8 


53 


61 
10 71 


NN NY NY NY 
oF WN KF © 
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In Table 5.3, we have calculated prime numbers for all the values of x, i.e. from 0 to 5 using the 
Charles Babbage function. The D1 is the first difference column and D? is the second difference 
column. 


Program Statement 


Write a program to generate prime number using the Charles Babbage formula, (T = X” + X + 41). 
The output should be as shown in Table 5.3 


Algorithm 


© STEP 1: Since we want 5 values of x, i.e. from 0 to 5. Iterate x as i 5 times. 


© STEP 2: For each value of i, assign the value to x. 
© STEP 3: Calculate the value of T for the value of x 
© STEP 4: If the value of i is equal to 0 then print the values of T and i. 


© STEP 5: If the value of iis greater than 0 and less than 2 then print the values of D, T and i. Else 
go to Step 6 


© STEP 6: Print value of D2, D, T andi. 


Program 


HHHHHHHHHH x2 4 x + 41 = T #HHHHHHHHHHHHH 
H#HHHHH Charles Babbage Function ######### 
HHHHHHEHHHH for second order ###HHHHHHHHTH 


2 = OF 
oneal (° YP Ved PMed } Med i -stcnaiine (S1ID2 , DHL? , PUY , 29k” )}) 
ieliMe (Yasesca ses soos esessessesoss i) 
icone al aligl seeliave(e (0), 5) 2 
x = ab 
He — en (GCE) tot AL a 
Vi (a == 0)): 


print (‘\t\t{}\t{}’.format (T,i)) 
Gili ( a, > © siacl a < 2) 3 


a= ((x-1)* (x-1) + (x-1) + 41) 
joncaliage (* Vie d PVE dP Med he stttonamene (ir = (lev) , a0, a) } 
else: 
€@ = (Ge)? (@e-L) + Gel) «= 41) 
b = ((%-2)* (x-2) + (x-2) + 41) 
@ <= (GP = <0) = (er = Joy) 
jorcabate (8 PP Vet ied } veh .exmcie (@, (ae = @) , i, al) } 


Thus, the above program generates all the prime numbers for all the values of x, i.e. from 0 to 
5 for the given equation T = x2 +x +41.The format() method is used to print data in a well- 
formatted manner. 


Loop Control Statements 


SUMMARY 


¢ Loop is the process of executing a set of statements for fixed number of times. 


¢ Iteration refers to one time execution of a statements within a loop. 


¢ Python supports two types of loop control statements, i.e. for loop and while loop. 


¢ While loop is condition controlled loop. 


¢ for loop is count controlled loop and it execute statements within the body of loop for fixed number of 


times. 


¢ The break and continue keywords can be in the loops. 


¢ The break statement exits from the current block or loop and control passes to the next statement. 


¢ The continue statement skips the current iteration and also skips the remaining statements within the 


body of a loop. 


while Loop: Condition controlled loop 
for Loop: Count controlled loop 
range(): Generates a list of integers 
nested Loop: Loop within a loop 


G28 48 


immediately 


u 


body. 


A. Multiple Choice Questions 


KEY TERMS 


break Statement: The break statement within a loop helps a programmer to terminate the loop 


continue Statement: Skips the current iteration and also skips the remaining statement within the 


REVIEW QUESTIONS 


1. How many times will a loop with header for count in range(5): execute statements in its body? 


a. 5 times 
c. 6 times 


2. What will be the output of the following program? 


count: .= “35 
for x in range(0,10): 
count = count - 1 
Tish Ce 
break 


print (count) 


a. 35 
c. 35,34, 33 


b. 4 times 
d. 3 times 


b. 32 
d. 34, 33, 32 
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3. What will be the output of the following program? 


Bi Sr 
while Z<5: 
1f 2% 7 == 0: 
break 
Z=24 +2 
print (2) 
a. 5 b. 3 
c 4 d. 2 
4, What will be the output of the following program? 
My str = “I LOVE PHYTHON” 
count = 0 


for char in my_str: 


th Char -s:- *O"s 
continue 

else: 
count = count + 1 


print (count) 


a. 10 b. 9 
ce 1 d. 12 
5. What will be the output of the following program? 
my str = “I LOVE PYTHON” 
count = 6 


for char in my_str: 


count = count + 1 
if char == “E”: 
break 


print (count) 


a. 11 b. 13 
c. 10 d. 12 
6. What will be the output of the following program? 
45 Shh 


for x in range(1,4): 
for y in range(1,3): 
id= i +(i * 1) 


print (i) 


a. 32 b. 62 
c. 63 d. 64 
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7. What will be the output of the following program? 
count = 0 
for x in range (1,3): 
for y in range (4,6): 
count = count + (x * y) 


print (count) 


a. 32 b. 27 
c. 57 d. 64 
8. What will be the output of the following program? 
eS o0 
for x in range (1,3): 
2="0 
for y in range (-2,0): 
jeat+y 
dos toa 
print (i) 
a. 10 b. -10 
c. 0 d. None of the above 


9. By default, while is: 


a. Condition control statement b. Loop control statement 
c. Botha and b d. None of the above 
10. What will be the output of the following program? 
Count = 0 
num = 10 
while num > 8: 
for y in range(1,5): 
count = count + 1 
num = num - 1 
print (count) 
a. 10 b. 8 
c. 12 d. 11 


B. True or False 


Python facilitates the use of control statements to change the flow of execution of programs. 
The while loop is not a keyword supported by Python. 

A loop cannot repeatedly execute a block of statements for a specified number of times. 

A loop cannot be nested. 

The continue statement is a keyword. 

The break statement is used to terminate from the loop. 

The break statement is not a keyword. 


DON VON. GT a. COON 


The while statement is terminated by a semicolon (;). 
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9. The meaning of while(1) implies it is true. 
10. Indentation does not play a major role for the statements within the body of a loop. 


C. Exercise Questions 
. Give the syntax for control statements supported by Python. 


. Explain the working of the while loop with a flowchart. 


. What is meant by nested loops? 


1 
2 
3. What happens if we create a loop that never ends? 
4 
5. Find the bugs in the following programs. 


a. count = 0 b. count=0 
s-0 for i in range(10,0,-1) 
while count<10: print (i) 


Ss += count 
count=count+1 
print (s) 
Is it possible to nest the while loop within for loops? 
When is the break statement used? 
When is the continue statement used? 


$0100 SD 


Convert the following for loop into while loop. 
for i in range(50,0,-2): 


print (i,end=’ ‘) 


10. Answer the following questions. 
a. How many times will the following loop execute and what will be its output for both the programs, 


a and b? 
sum=0 sum=0 
for i in range(20,0,-2): for i in range(20,0,-2): 
sum=sum+i sum=sum+i 
print (i) print (i) 
if i==14: if i==14: 
continue break 
print (sum) print (sum) 
(a) (b) 
11. Convert the following while loop into for loop 
i=0 
s=0 
while i<=50: 
if i%7==0: 
s = sti 
i = i+7 


print (s) 
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PROGRAMMING ASSIGNMENTS 


1. Write a program that asks for input n and prints a sequence of powers of 5 from 540 to 54n 
in separate lines. 


Note: The input number n should be positive. 


Example: 
Input: N=4 
Output: 1 
5 
25 
125 
625 
2. Write a program to display the following table. 
Kilogram Gram 
1 1000 
2 2000 
3 3000 


Note: 1 kilogram = 1000 grams 
3. Write a program to display the numbers of a series 1, 4, 9, 16, 25,.....n by using for loop. 


4. Write a program using the while loop, which prints the sum of every fifth number from 0 
to 500 (including both 0 and 500). 
5. Write a program using the while loop to read the positive integer and count the number of 
decimal digits in a positive integer. 
6. Write a program to read the password from a user. If the user types the correct password, 
ie. “Python” then display the message, “Welcome to Python Programming”. 
Note: Only three attempts are allowed to enter the right password. 
7. Write programs for the following series using the while loop. 
a. Xtx?/2!4x3/314.n 
b. Lxtx74xP 4.x" 


8. Consider a scenario where a son eats five chocolates every day. The price of each chocolate 
is different. His father pays the bill to the chocolate vendor at the end of every week. 
Develop a program that can generate the bills for the chocolates and send to the father. Also 
state which loop will be used to solve this problem. 


Functions 


CHAPTER OUTLINE 
6.1 Introduction 6.5 The Local and Global Scope of a 
6.2 Syntax and Basics of a Function Variable 
6.3 Use of a Function 6.6 The return Statement 


6.4 Parameters and Arguments inaFunction 6.7 Recursive Functions 
6.8 The Lambda Function 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
¢ Describe the necessity and importance of functions in programming languages 


e Invoke functions with actual parameters and write a program by invoking a function using keyword 
or positional arguments 


¢ Use local and global scope of a variable appropriately 
¢ Define recursive function and its implementation with programs 


e Write functions that return multiple values with programs 


6.1 INTRODUCTION 


It is difficult to prepare and maintain a large-scale program and the identification of the flow of 
data subsequently gets harder to understand. The best way to create a programming application is 
to divide a big program into small modules and repeatedly call these modules. 


Functions 


With the help of functions, an entire program can be divided into small independent modules 
(each small module is called a function). This improves the code’s readability as well as the flow of 
execution as small modules can be managed easily. 


6.2 SYNTAX AND BASICS OF A FUNCTION 


A function is a self-contained block of one or more statements that performs a special task when 
called. The syntax for function is given as follows: 


def name of function(Parameters) : <————— Function Header 
statementl 
statement2 
statement3 
Satchels paved dhaciccestohces =< Function Body 


statementN 


The syntax for the Python function contains a header and body. The function header begins 
with the ‘def’ keyword. The def keyword signifies the beginning of the function's definition. The 
name of the function is followed by the def keyword. The function header may contain zero or 
more number of parameters. These parameters are called formal parameters. If a function contains 
more than one parameter then all the parameters are separated by commas. A function’s body is a 
block of statements. The statements within the function’s body define the actions that the function 
needs to perform. 


A simple example for creating a function is explained in the following program. 


Write a program to create a function having a name, display. Print the message, “Welcome to 
PROGRAM 6.1 Python Programming” inside the function. 


def Display(): 
print (“Welcome to Python Programming “) 
Display () #call function 


Output 


Welcome to Python Programming 


Explanation In the above program, a function having the name display() is created. This 
function takes no parameters. The body of the function contains only one statement. Finally, 
function display() is called to print the message “Welcome to Python Programming” within 
the block of the function. 


Write a program to prompt the name of a user and print the welcome message, “Dear Name_ 
PROGRAM 6.2 of_user Welcome to Python Programming!!!” 
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def print_msg(): 
strl=input (“Please Enter Your Name:”) 
print (“Dear “,str1,” Welcome to Python Programming “) 


print_msg() #call function 


Output 


Please Enter Your Name: Virat 


Dear Virat Welcome to Python Programming 


Explanation The function named print _msg()__ is created. Initially, the function print _ 
msg() is called and the control of the program passes to the called function print _ msg(). The 
function reads the name of the user by making use of the input reserved keyword and finally the 
welcome message is printed. 


6.3 USE OF A FUNCTION 


A programmer wants to find the sum of numbers starting from 1 to 25, 50 to 75 and 90 to 100. 
Without functions, he/she will write the code in the following manner. 


PROGRAM 6.3 Write a program to add the sum of digits from 1 to 25, 50 to 76 and 90 to 101 using three 
different for loops. 


sum=0 
1e@xe al lial wearers (il, 2S) 2 
sum=sum+i 


joueatiove, (“Sibig (ne alinlicerejaies| ieiey il ire BS isie” , Swim) 


sum=0 
for i in range(50,76): 
sum=sum+i 


print (‘Sum of integer from 50 to 76 is:’,sum) 


sum=0 
for i in range(90,101): 
sum=sum+i 


print (‘Sum of integer from 90 to 100 is:’,sum) 


Output 


Sum of integers from 1 to 25 is: 325 
Sum of integer from 50 to 76 is: 1625 
Sum of integer from 90 to 100 is: 1045 


Functions 


The programmer has created the above code. Observe that the code to compute the sum of 
numbers is conventional. However, there is a slight difference in the range of numbers, i.e. starting 
integers and ending integers. Here, all the three for loops contain a different range, ie. from 1 to 
26, 50 to 76 and 90 to 101. Thus, by observing the above code, we can say that it would be better 
if we could simply write the common code once and then use it repeatedly. A programmer can 
accomplish this by defining function and using it repeatedly. The code above can be simplified and 
written using functions as shown in Program 6.4. 


PROGRAM 6.4 | Write a program to illustrate the use of functions. 


def sum(x,y): 

‘SOR, 

for i in range(x,yt+1): 

s=st+i 

jouealiaie (“SU One alidic@eeris Iie “se,” ico “,sv,7 as *,&)) 
sum(1,25) 
sum(50,75) 
sum(90,100) 


Explanation The function named sum is created with two parameters ‘x’ and ‘y’. Initially, the 
function invokes the first function call, i.e. sum(1, 25) to compute the sum of numbers from 1 to 25. 
After computing the sum of numbers from 1 to 25 the control passes to the next function call, ie. 
sum(50, 75). After computing the sum of integers from 50 to 75, the third function is finally called, 
i.e. sum(90,100). 


Thus, a programmer can effectively make use of functions to write this program. 

a. If a programmer wants to perform a task repetitively, then it is not necessary to re-write the 
particular block of the program repeatedly. A particular block of statements can be shifted 
in a user-defined function. The function defined can be then called any number of times to 
perform a task. 

b. Large programs can be reduced to smaller ones using functions. It is easy to debug, i.e. find 
out the errors in it and hence, it also increases readability. 


6.4 PARAMETERS AND ARGUMENTS IN A FUNCTION 


Parameters are used to give inputs to a function. They are specified with a pair of parenthesis in 
the function’s definition. When a programmer calls a function, the values are also passed to the 
function. 

While parameters are defined by names that appear in the function’s definition, arguments 
are values actually passed to a function when calling it. Thus, parameters define what types of 
arguments a function can accept. 

Let us consider the example of passing parameters to a function given as follows and use it to 
differentiate between argument and parameter. 
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Example 

def printMax(num1,num2) : 
Statemenl 
Statemen2 #Define a Function 
StatementN 

printMax (10,20) +m i — Call a function (Invoke) 


In the above example, printMax(num1, num2) has two parameters, viz. num1 and num2. 
The parameters num1 and num2 are also called formal parameters. A function is invoked by 
calling the name of the function, ie. printMax(10,20), where 10, 20 are the actual parameters. 
Actual parameters are also called arguments. num1 and num2 are the parameters of a function. 
Program 6.5 demonstrates the use of parameters and arguments in a function. 


PROGRAM 6.5 | Write a program to find the maximum of two numbers. 


def printMax(numl,num2): #Function Definition 
print (“ numl = “,num1) 
joneabiaye, (°° anvil =“, sain) 


if numisnum2: 
print (“The Number “,num1,” is Greater than “,num2) 
elif num2snum1: 


print (“The Number “,num2,” is Greater than “,num1) 
else: 
print (“ Both Numbers “,num1,”,and”,num2,”are equal”) 
printMax (20,10) #call to function printMax 
Output 
WOM -S  2U 
TURAL ee LG 


The Number 20 is Greater than 10 


Explanation In the above program we have defined a function printMax(). The function contains 
two parameters, viz. num1 and num2. The function printMax() is called by passing the values 
as arguments to the function. The statement printMax(10, 20) causes the value of 10 and 20 to be 
assigned to parameters num1 and num2, respectively. Finally, based on the values of num1 and 
num2 within the function, greatest of the two numbers is calculated and displayed. 
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PROGRAM 6.6 | Write a program to find the maximum of two numbers. 


def calc factorial (num) : 
fact=1 
print (“ Entered Number is: “,num) 
for i in range(1,num+l1) : 
1EGVGICSIEEVChE a 
print (“Factorial of Number “,num,” is = “,fact) 
number=int (input (“Enter the Number:”) ) 


calc_factorial (number) 


Output 


Enter the Number:5 
Entered Number is: 5 
Factorial of Number 5 is) = 120 


6.4.1 Positional Arguments 


Consider the question—If there are more than one parameters, how does Python know which 
argument in the call statement has to be assigned to which parameter? 

The answer is quite simple. The parameters are assigned by default according to their position, 
ie. the first argument in the call statement is assigned to the first parameter listed in the function 
definition. Similarly, the second argument in the call statement is assigned to the second parameter 
listed in the function’s definition and so on. 

Consider a simple example to demonstrate the use of positional arguments. 


Example 


def Display (Name, age) : 
print (“Name = “,Name,”age = “,age) 
Display (“John” , 25) 
Display (40,”Sachin” ) 


In the above example, the evaluation of statement Display(“John”,25) prints the result as 
Name = John and age = 25. However, the statement Display(40,”Sachin”) has a different meaning. 
It passes 40 to name and Sachin to age. It means the first argument binds to the first parameter 
and the second argument binds to the second parameter. This style of matching up arguments and 
parameter is called positional argument style or positional parameter style. 

In the above example, the function definition Display(Name, age) contains two parameters. 
Thus, the call is made to function Display() by passing exactly two parameters. 
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What will be the output of the following program? 


def Display (Name, age) : 
print (“Name = “,Name,”age = “,age) 
Display (“John” ) 


Output 

Prints the error message 

Traceback (most recent call last): 

File “C:\Python34\keyword 1.py”, line 3, in <module> 


Display (“John”) TypeError: Display() missing 1 required positional 
argument: ‘age’ 


Explanation In the above program, there is no output due to an error. The third line of the 
program contains the statement Display(“John”), i.e. the statement has made a call to function 
Display(name, age). As the function call contains lesser number of arguments as compared to the 
function definition, Python will report a missing argument error. 


E& Note: Python will show an error when an incorrect number of arguments are passed to the function call. 
The arguments must match the parameters in order, number and type as defined in the function. 


6.4.2 Keyword Arguments 


An alternative to positional argument is keyword argument. If a programmer knows the parameter 
name used within the function then he/she can explicitly use the parameter name while calling the 
function. A programmer can pass a keyword argument to a function by using its corresponding 
parameter name rather than its position. This can be done by simply typing Parameter_name = 
value in the function call. 


Syntax to call a function using keyword argument is: 


Name of Function(pos args, keyword1l=value, keyword2=value2......... ) 


PROGRAM 6.7 | Write a simple program on keyword argument. 


def Display (Name, age) : 
print (“Name = “,Name,”age = “,age) 
Display (age=25,Name="John”) #Call function using keyword 
arguments 
Output 
Name = John age = AS) 


Functions 


Explanation Thus, in the above program, the statement Display(age=25,Name="John”) passes 
the value 25 to the parameter ‘age’ and ‘John’ to the parameter ‘Name’. It means arguments can 
appear in any order using keyword arguments. 


Precautions for Using Keyword Arguments 


1. A positional argument cannot follow a keyword argument. 
Example: Consider the function definition, 


def Display (num1,num2) : 
Thus, a programmer can invoke the above Display() function as: 
Display (40,num2=10) 
But, he/she cannot invoke the function as: 
Display (num2=10, 40) 


because the positional argument 40 appears after the keyword argument num2=10. 


2. A programmer cannot duplicate an argument by specifying it as both, a positional argument 
and a keyword argument. 


Example: Consider the function definition, 


def Display (num1,num2) : 


Thus, a programmer cannot invoke the above Display() function as 


Display (40,num1=40) #Error 
because he/she has specified multiple values for parameter num1. 


6.4.3 Parameter with Default Values 


Parameters within a function’s definition can have default values. We can provide default value to 
a parameter by using the assignment (=) operator. 


PROGRAM 6.8 | Write a program to illustrate the use of default values in a function's definition. 


def greet (name,msg="Welcome to Python!!”): 
print (“ Hello “,name,msg) 
greet (“Sachin” ) 


Output 


Hello Sachin Welcome to Python!! 


In the above example, the function greet () has the parameter name. The parameter name 
does not have any default value and is mandatory during a function call. On the other hand, 
the parameter msg has a default value as “Welcome to Python!!”. Hence, it is optional during 


Programming and Problem Solving with Python 


a function call. If a value is provided, it will overwrite the default value. Here are some valid 
function calls to this function. 


#Test case 1 


>>> greet (“Amit”) 


Output 

Hello Amit Welcome to Python!! 

#Test case 2 

>>> greet (“Bill Gates”,”How are You?”) 
Output 


Hello Bill Gates How are You? 


The above example has two test cases. In the first test case, only one argument is passed to 
the function greet() during the function call. And the second parameter is not passed. In such 
a case, Python uses the default value of a parameter specified during function definition. But in 


case of test case 2, both the parameters greet(“Bill Gates”,” How are You?”) are passed during the 
function call. In such a situation, the new argument value overwrites the default parameter value. 


Note: During a function's definition, any number of parameters in a function can have default values. 
But once we have a default value to a parameter, all the parameters fo its right must also have default 
values. For example, if we define a function's definition as: 


def greet (msg="Welcome to Python!!”, name): #Error 


Python will give the error as: 


Syntax Error: Non-default argument follows default argument 


PROGRAM 6.9 | Write a program to calculate the area of a circle using the formula: 
Area of Circle = pi*(r) ? 


Declare the default parameter value of pi as 3.14 and radius as 1. 


def area cirele (pi=3 14, radius=1): 
area=pi*radius*radius 
jorealinte, (Meeveliiviss=” , reevelalicrs))) 
jorealiaye. ( Woes eideel Gi Cinrele = “) erase) 
eleteyel_@aliaetlk=(() 


area_circle(radius=5) 


Output 


radius= 1 


(Contd.) 
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Waa ice Gi Chile = 3.14 


radius= 5 


Waa eucse Ge Ciivelle = V8.5 


What will be the output of the following program? 


def disp values (a,b=10,c=20): 
jor (“ ey = “pe,” 1p = “plo, 9e= “,C) 

disp values (15) 

disp values (50,b=30) 

disp values (c=80,a=25,b=35) 


Output 

a=) 1S) tbe, Ote= 20 
= 50 b= 30 c= 20 

eo ea eS pee 


Explanation In the above program, the function named disp_values has one parameter without a 
default argument value, followed by two parameters with default argument values. 

During the first function call disp_values(15), parameter a gets the value 15 and parameters b 
and c get the default values 10 and 20, respectively. 

During the function call disp_values(50,b=30), parameter a gets the value 50, parameter b gets 
the value 30, i.e. the value of b is overwritten and parameter c gets the default value 20. 

During the function call disp_values(c=80,a=25,b=35), the default values of parameters b and c 
are replaced by the new values 35 and 80, respectively. 


6.5 THE LOCAL AND GLOBAL SCOPE OF A VARIABLE 


Variables and parameters that are initialised within a function including parameters, are said to 
exist in that function’s local scope. Variables that exist in local scope are called local variables. 
Variables that are assigned outside functions are said to exist in global scope. Therefore, variables 
that exist in global scope are called global variables. 


PROGRAM 6.10 | Write a program to show local scope vs global scope. 


iD = 20 #global variable p 
def Demo(): 
ct = Lo) #Local variable q 


print (‘The value of Local variable q:’,q) 
#Access global variable p within this function 
print (‘The value of Global Variable p:’,p) 


Demo () 


(Contd.) 
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#Access global variable p outside the function Demo() 
print (‘The value of global variable p:’,p) 


Output 


The value of Local variable q: 10 
The value of Global Variable p: 20 
The value of global variable p: 20 


Explanation In the above example, we have created one local variable ‘q’ and one global variable 
‘p’. As global variables are created outside all functions and are accessible to all functions in their 
scope, in the above example as well the global variable ‘p’ is accessed from the function Demo() 
and it is also accessed outside the function. 


Local Variables Cannot be Used in Global Scope 


PROGRAM 6.11 | Write a program to access a local variable outside a function. 


def Demo(): 
Gg = 10) #Local variable q 
print (‘The value of Local variable q:’,q) 
Demo () 
#Access local variable q outside the function Demo() 


print (‘The value of local variable q:’,q) #Error 


Output 


The value of Local variable q: 10 
Traceback (most recent call last): 
File “C:/Python34/locl.py”, line 6, in <module> 
print (‘The value of local variable q:’,q) #Error 


NameError: name ‘q’ is not defined 


Explanation The local variable ‘q’ is defined within the function Demo (). The variable ‘q’ is accessed 
from the function Demo(). The scope of a local variable lies within the block of the function, ice. it 
starts from its creation and continues up to the end of the function. Therefore, any attempt to access 
the variable from outside of the function causes an error. 


‘cl Note: Accessing a local variable outside the scope will cause an error. 


6.5.1 Reading Global Variables from a Local Scope 


Consider the following program where global variables are read from a local scope. 


Functions 


PROGRAM 6.12 | Write a program where global variables are read from a local scope. 


def Demo(): 
print (S) 
S='I Love Python’ 


Demo () 


Output 


I Love Python 


Explanation Before calling the function Demo(), the variable ‘s’ is defined as a string, “I Love 
Python”. However, the body of the function Demo() contains only one statement print(s) statement. 
As there is no local variable ‘s’ defined within the function Demo(), the print(s) statement uses the 
value from the global variable. Hence, the output of the above program will be ‘I Love Python’. 


6.5.2 Local and Global Variables with the Same Name 


What will be the output of the above program if we change the value of ’s’ inside the function 
Demo()? Will it affect the value of the global variable? Program 6.13 demonstrates the change in 
value ‘s’ within the function Demo (). 


PROGRAM 6.13 | Write a program to change the value ‘s’ within the function. 


def Demo(): 
S='I Love Programming’ 
print (S) 

S='I Love Python’ 

Demo () 

print (S) 


Output 


I Love Programming 


I Love Python 


Explanation As we know, the scope of a local variable lies within the block of a function. Initially, 
the value of ‘s’ is assigned as ‘I Love Python’. But after calling the function Demo (), the value of ‘s’ is 
changed to ‘I Love Programming’. Therefore, the print statement within the function Demo() will 
print the value of the local variable ’s’, i.e. ‘I Love Programming’. Whereas the print statement after 
the Demo() statement, will print the old value of the variable ’s’, i.e. ‘I Love Python’. 


6.5.3 The Global Statement 


Consider a situation where a programmer needs to modify the value of a global variable within 
a function. In such a situation, he/she has to make use of the global statement. The following 
program demonstrates the use of the global statement. 
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PROGRAM 6.14 | Write a program without using the global statement. 


a = 2O 
def Display(): 

cl =e h0) 

jonealione (“ love; ayeiilivre) GRE ey Skink ie Wiaveiesleials” , =) 
Display () 


print (‘The value of an outside function:’,a) 


Output 


The value of a in function: 30 
The value of an outside function: 20 


Explanation In the above program, we have assigned the value of an outside function as 20. By 
chance, a programmer uses the same name, i.e. ‘a’ inside the function. But in this case the variable 
‘a’ within the function is local to the function. Therefore, any changes to the value associated with 
the name inside the function will change the value of the local variable itself and not the value of 
the global variable ‘a’. 


PROGRAM 6.15 | Write a program using the global statement. 


EL = AO) 
def Display(): 

global a 

a= 30 

joneatione ((“ UMlave; Ayeulibye) CE G Shinl ieUiaveicaloing” 1) 
Display () 


print (‘The value of an outside function:’,a) 


Output 


The value of a in function: 30 


The value of an outside function: 30 


Explanation The program demonstrates the use of the global keyword. The global keyword has 
been used before the name of the variable to change the value of the local variable. Since the value 
of the global variable is changed within the function, the value of ‘a’ outside the function will be 
the most recent value of ‘a’. 


6.6 THE return STATEMENT 


The return statement is used to return a value from the function. It is also used to return from a 
function, i.e. break out of the function. 


Functions (1) 


PROGRAM 6.16 | Write a program to return the minimum of two numbers. 


def minimum(a,b) : 
if a<b: 
return a 
elif b<a: 
return b 


else: 


return “Both the numbers ar qual” 


print (minimum(100,85) ) 


Output 


8 is minimum 


Explanation The minimum function returns the minimum of the two numbers supplied as 
parameters to a function minimum. It uses simple if..elif..else statement to find the minimum value 
and then returns that value. 


Write a function calc_Distance(x1, yl, x2, y2) to calculate the distance between two points 
PROGRAM 6.17 represented by Pointl(x1, yl) and Point2 (x2, y2). The formula for calculating distance is: 


Distance = (x2 — x1) + (y2 - y1) 


import math 


def calc Distance (x1, yl, x2, y2) 

jopeatioe (YS sci = “) seil)) 
joneatioye (° 562) = se) 
jopealioe, ( yak = “> ,4al)) 
jonealings ( WA S S572) 
dx=x2-x1 

dx=math. pow (dx, 2) 
dy=y2-yl 


dy=math.pow (dy, 2) 
Z = math.pow((dx + dy), 0.5) 
TeSewueial x 


print (“Distance = “, (format (calc Distance (4,4,2,2),".2£"))) 


Output 


nell = 
2h = 
wis 
Wee 
Distance = 2.83 


DO FF NY BH 
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For a quadratic equation in the form of ax’+bx+c, the discriminant D, is b* - 4dac. Write a 
function to compute the discriminant D, that returns the following output depending on the 
discriminant D. 


PROGRAM 6.18 


if D > 0: The Equation has two Real Roots 
if D = 0: The Equation has one Real Root 
if D < 0: The Equation has two Complex Roots 


def quad_D(a,b,c): 
d=b*b-4*a*c 


jsneatiote (SEL = “5 6) 
joneatioe (“er S p19) 
joreiiaic (“a = “, ©) 
jouealiaie. (ID) = cl) 
aie lss(0) 
return “The Equation has two Real Roots” 
elif d<0: 


return “The Equation has two Complex Roots” 
eliser 
return “The Equation has one Real Root” 
print (quad_D(1,2,5)) 


Output 
a = 
aos 2 
a= 3 
ID) = =18) 


The Equation has two Complex Roots 


Note: The return statement without a value is equivalent to return ‘None’. Where, ‘None’ is a special 
type in Python that represents nothingness. 


PROGRAM 6.19 | Write a program to pass the radius of a circle as a parameter to a function area_of_circle(). 
. Return the value none if the value of the radius is negative or return the area of the circle. 


Glave eueteiel_Oit_(CriligelleS (eerchiws)) 9 


if radius<0: 


print (“ Try Again, Radius of circle cannot be Negative “) 
return 

elses 
print (“Radius = “,radius) 


(Contd.) 
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return 3.1459*radius**radius 


print (“Area of Circle =",anca of (Circle (2) ) 


Output 


Radius = 2 
Nee Oe Ciseelle = 125836 


Explanation In the above program, the user has to pass the radius of the circle as a parameter to 
the function area_of_circle(). If the radius of the circle is positive then it calculates and returns the 
area of the circle. Whereas, if the entered radius of the circle is negative, it returns a none value, i.e. 
it returns nothing. 


What will be the output of the above program? 


def calc abs (x): 
até <0) 2 
Leura Hk 
elif x>0: 
return x 


print (calc_abs(0) ) 


Output 


None 


Explanation The above piece of code is incorrect because when the user has passed the value 0 
as a parameter to the function calc_abs(), the value of x happened to be 0. Then neither condition 
is true and the function ends without executing any return statement. In such a situation, the 
function returns a special value called None. 


6.6.1 Returning Multiple Values 
It is possible to return multiple values in Python. 


Write a function calc_arith_op(numl, num2) to calculate and return at once the result of 
PROGRAM 6.20 | We &. ale anthopiior jones 
arithmetic operations such as addition and subtraction. 


def calc_arith_op(numl1, num2): 


return numl+num2, numl-num2 #Return multiple values 
jonealiaie ( “ellie! euealicla teyo((L0,, 20) )) 
Output 


(30, =O) 
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Explanation In the above program, two parameters, viz. num1 and num? are passed to a function 
calc_arith_op(). Within the body of the function, the single return statement computes the addition 
and subtraction of the two numbers. Finally, the single return statement returns the result of both 
the arithmetic operations, viz. addition and subtraction. 


6.6.2 Assign Returned Multiple Values to Variable(s) 


It is also possible for a function to perform certain operations, return multiple values and assign 
the returned multiple values to a multiple variable. 


PROGRAM 6.21 | Write a program to return multiple values from a function. 


def compute (num1) : 
print (“Number = “,num1) 
return numl*numl, numl*numl*numl 


square, cube=compute (4) 


print (“Square = “,square,”Cube = “,cube) 
Output 
Number = 4 


Square = 16 Cube = 64 


Explanation The number is passed to the function compute (). The return statement calculates the 
square and cube of a passed number. After computation, it returns both the values simultaneously. 
The returned square of a number is assigned to a variable square and the returned cube of a 
number is assigned to a variable cube. 


6.7 RECURSIVE FUNCTIONS 


So far, we have seen that it is legal for one function to call another function. In programming, there 
might be a situation where a function needs to invoke itself. Python also supports the recursive 
feature, which means that a function is repetitively called by itself. Thus, a function is said to be 
recursive if a statement within the body of the function calls itself. 


Let us consider a simple example of recursion. Suppose we want to calculate the factorial value 
of an integer. We know that the factorial of a number is the product of all the integers between 1 
and that number, i.e. n! is defined as n * (n-1)!. 

Consider the following example. 

Formula to calculate the factorial of a number (n)! = n*(n-1)! 


5l= 5*(4)! 
= 5*4*(3)! 
= 5*4*3*(2)! 
= 5*4*3*2*(1) 
= 120 
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PROGRAM 6.22 Calculate the factorial of a number using recursion. 


def factorial (n): 
Iie im==Os 
ieeibueia. Ib 
return n*factorial (n-1) 


print (factorial (5) ) 


Output 


LZ 


Explanation In the above program, factorial() is a recursive function. The number is passed 
to function factorial(). When the function factorial is executed, it is repeatedly invoked by itself. 
Every time a function is invoked, the value of ‘n’ is reduced by one and multiplication is carried out. 
The recursion function produces the number 5, 4, 3, 2 and 1. The multiplication of these numbers is 
carried out and returned. Finally, the print statement prints the factorial of the number. 


Write a recursive function which computes the n'" Fibonacci number. Fibonacci numbers are 
defined as: 


PROGRAM 6.23 


Fib(0}= 1, 
Fib(1) = 1 
Fib(n)= Fib(n-1)+Fib(n-2). 
Write this as a Python code and then find the 8" Fibonacci number. 


def fib(n): 
ii m==O¢ 
ieee IL 
aie in== ile 
ie(iejieiein IL 
return fib(n-1)+fib(n-2) 
print (“ The Value of 8th Fibonacci number = “,fib(8) ) 


Output 


The Value of 8th Fibonacci number = 34 


6.8 THE LAMBDA FUNCTION 


Lambda functions are named after the Greek letter A (lambda). These are also known as anonymous 
functions. Such kind of functions are not bound to a name. They only have a code to execute that 
which is associated with them. The basic syntax for a lambda function is: 


Name = lambda(variables): Code 
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Let us consider a simple example which calculates the cube of a number using simple concepts 
of a function. 


>>> def func(x): 


return X*xX*xX 
>>> print (func (3) ) 
27 


Without the lambda function Now we will calculate the cube of a number using the lambda 
function. 


>>> cube = lambda x: x*x*x #Define lambda function 
>>> print (cube (2) ) #Call lambda function 
8 


Using the lambda function Thus, in the above example, both the functions fune() and cube() 
do exactly the same thing. The statement cube = lambda x: x*x*x creates a lambda function called 
cube, which takes a single argument and returns the cube of a number. 


Note: (a) A lambda function does not contain a return statement. 
(b) It contains a single expression as a body and not a block of statements as a body. 


MINI PROJECT Calculation of Compound Interest and Yearly Analysis 
of Interest and Principal Amount 


This mini project will use programming features, such as decision, control statements and 
functions to calculate the interest deposited for a principal amount for some period of time ‘n’ at 
some interest ‘r’. 


Explanation and Calculation of Compound Interest 


Compound interest is the addition of interest to the initial principal amount and also to the 
accumulated interest over preceding periods of a deposit or loan. 


Compound interest is different from simple interest. In simple interest, there is no interest on 
interest. Simply interest is added to the principal amount. 


The formula to calculate annual compound interest including principal amount is 


in 
CI = p(t “| -P 


where, 
P = Principal investment amount 
r = Annual interest rate 
n = Number of years the money is invested 
t = Number of times the interest is compounded per year 


Functions (57) 


The formula to calculate interest if it is compounded once per year is 
I= P* (1+7)"------- {A} 


Thus, ‘I’ gives future values of an investment or loan which is compound interest plus the 
principal. So, we are going to use formula ‘A’ 


Example 


Let principal (P) amount = %10,000 
Rate (R) of interest =5 
Number of Years = 7 
Value of compound interest per year (t) = 1 
We will use the above formula ‘A’ to calculate the interest accumulated each year. 


Year Starting Balance Interest Ending Balance 
1 10000.00 500.00 10500.00 
2 10500.00 525.00 11025.00 
3 11025.00 551.25 11576.25 
4 11576.25 578.81 12155.06 
5 12155.06 607.75 12762.82 
6 12762.82 638.14 13400.96 
7 13400.96 670.05 14071.00 


Algorithm to Calculate Compound Interest 


© STEP 1: Read the principal amount, rate of interest and number of years the amount is to be 
deposited. (Assuming interest is compounded once per year). 


© STEP 2: Pass the principal, rate of interest and the number of years to the function named 
Calculate_Compund_Interest(). 


© STEP 3: Iterate for loop for ‘n’ number of times to calculate interest generated per year by using 
the formula for compound interest as discussed above. 


© STEP 4: Display the final compound interest. 


PROGRAM STATEMENT Write a program to calculate compound interest for principal amount as $10,000, at 
rate of interest as 5% and number of years the amount is deposited as 7 years. 


def Calculate Compund_Interest(p,n,r) : 
print (‘StartBalance\t’,’\tInterest\t’,’Ending Balance’ ) 


E@tal = @ 


(Contd.) 
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eS 12/100) 
CG 0 


for i in range(1,n+1): 


va ANN) jose (CAL ee oe) aL = jo) 

4 ONLGl = jos (AL ow PSe (ali) = {9 
EOE = WO 4 (4 mew 2 24 _Ollel) 
ie (al Se i)} 9 


pucsiate (° {Oe Die} We” .ieencmeie (joy) , cracls" ” ) 
print (‘\t{0:.2£}\t’.format (z new - z old) ,end=’’) 
print (‘\t\t{0:.2£}\t’.format (z_new+p) ) 
else: 
print (‘{0:.2£}\t’ .format (p+z_ old) ,end="") 
ncaa (S \WetOs Qe Ve” ericic (mew = lll ) ,eicl=" 7) 
print (‘\t\t{0:.2£}\t’.format (z_new+p) ) 
print (‘Total Interest Deposited:Rs{0:.2£}’ .format (tot) ) 


p = int(input(‘Enter the Principal amount:’ )) 
r = int(input(‘Enter the rate of interest:’)) 
n = int(input(‘Enter number of year:’)) 


Calculate Compund_Interest (p,n,r) 


Output 


Enter the Principal amount:10000 
Enter the rate of interest:5 


Enter number of year:7 


Start Balance MME SeSSie Ending Balance 
10000.00 500.00 10500.00 
10500.00 525.00 LAL OYA'S) = OO) 
ILAILOAS - 00) BiSyib 2 25) IMSS AS 
LILI AS 578.81 12155.06 
LAWS S) . OS 607.75 12762.82 
12762.82 638.14 13400.96 
13400.96 67/0 05 14071.00 


Total Interest Deposited: Rs 4071.00 


In the above program, initially principal amount, rate of interest and number of years are 
read from the user. The same values are passed as a parameter to the function Calculate _ 
Compund _ Interest(). The for loop is iterated for n number of times to calculate the annual 
interest generated per year. The difference between Z_new and Z_old in above program gives the 
interest generated per year. At last, the compound interest is displayed. 


Functions 


SUMMARY 
ee 
¢ A function is a self-contained block of one or more statements that perform a special task when called. 


¢ A function’s definition in Python begins with the def keyword followed by the function’s name, 
parameter and body. 


¢ The function header may contain zero or more number of parameters. 

¢ Parameters are the names that appear in a function’s definition. 

¢ Arguments are the values actually passed to a function while calling a function. 

¢ Arguments to a function can be passed as positional or keyword arguments. 

¢ The arguments must match the parameters in order, number and type as defined in the function. 
¢« A variable must be created before it is used. 

¢ Variables defined within the scope of a function are said to be local variables. 

¢ Variables that are assigned outside of functions are said to be global variables. 

¢« The return statement is used to return a value from a function. 

¢ Functions in Python can return multiple values. 

¢ Python also supports a recursive feature, i.e. a function can be called repetitively by itself. 


KEY TERMS 
@ 


The def Keyword: Reserved word to define a function 

Positional Arguments: By default, parameters are assigned according to their position 
Keyword Arguments: Use syntax keyword = Value to call a function with keyword arguments 
Local and Global Scope of a Variable: Describes two different scopes of a variable 

The Return Keyword: Used to return single or multiple values 


GBS 


Lambda: An anonymous function 


REVIEW QUESTIONS 
ee 


A. Multiple Choice Questions 


1. A variable defined outside a function is referred to as 


a. Local variable b. Only variable 
c. Global variable d. None of the above 
2. Which of the following function headers is correct? 
a. def Demo(P, Q = 10): b. def Demo(P=10,Q = 20): 
c. def Demo(P=10,Q) d. Bothaandc 
3. What will be the output of the following program? 
Ss LG 
def f£(): 


x= x + 10 
print (x) 
£() 
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10 
Error: Local variable X referenced before assignment 


eo SF Pp 


. None of the above 
hat will be the output of the following program? 
def Func_A(P = 10, Q = 20): 
P=P+Q 
Q=Q+1 
print (P, Q) 
Func _A(Q = 20, P = 10) 


4. 


= 


a. Error: P and Q are not defined. b. 2010 
c. 1020 d. 3021 
5. What will be the output of the following program? 
Def test(): 
x=10 

# Main Program # 

xs 1 

test () 


print (x) 


a. 10 b. 11 
c. Garbage value d. None of the above 
6. Ifa function does not return any value, then by default which type of value is returned by the function? 
a. int b. double 
c. str d. None 
7. What will be the output of the following program? 
def test(): 
global x 
x=/A’ 
# Main Program # 
ee hat 
test () 
print (x) 
a. Z b. A 
c. Garbage value d. None of the above 
8. What will be the output of following program? 
def test (x): 


x = 200 
# Main Program # 
x = 7 100 
test (x) 


print (x) 
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a. 100 b. Garbage value 
c. 200 d. None of the above 


9. What will be the output of the following program? 
def test (x): 
p = 90 


# Main Program # 
p = 50 
print (test (p) ) 


a. 90 b. 50 
c. Error d. None 
10. What will be the output of the following program? 
def evaluate expression _1(Z): 
Z=24+4+5 
def evaluate_expression _2(Z): 
print (‘Hello’) 


return Z 
return Z 
value = 10 


print (evaluate_expression_1 (value) ) 


a. Hello 10 b. 10 
c. 15 Hello d. 15 
11. What will be the output of the following program? 
def evaluate _expression_1(): 
global x 


k= 2 =. 5 


def evaluate _expression_2(): 
global x 


return x + 3 


return evaluate expression 2() 
# Main Program # 
x = 10 
print (evaluate_expression_1()) 


a. 5 b. 8 
c. 10 d. 13 
12. What will be the output of the following program? 
def perform_multiplication(Numl, Num2) : 
Num2 = Numl * Num2 


return Numl, Num2 
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# Main Program # 
Num2, Numl = perform _multiplication(5,4) 


print (Num1, Num2) 


a. 5,4 b. 5,20 
c. 20,5 d. 4,5 
13. What will be the output of the following program? 
def Display (Designation, Salary) : 
print (“Designation = “,Designation, “Salary = “,Salary) 
Display (“Manager” , 25000) 
Display (300000, ’Programmer’ ) 


a. Error: Type Mismatch 
b. Manger 25000 
300000 Programmer 
c. 300000 Programmer 
Manger 25000 
d. None of the above 


B. True or False 


A function divides a program in small independent modules. 

The syntax of Python function contains a header and body. 

The function header begins with the definition keyword. 

Parameters are used to give inputs to a function. 

Parameters are specified with a pair of parenthesis in the function’s definition. 

In a function, parameters are defined by the names that appear in the function’s definition. 
Arguments are values actually passed to a function when calling it. 

The return statement is used to return a value from a function. 


Se mPNADTPYY 


A function invoking itself is called a recursive function. 


a 
S 


A function is said to be recursive if a statement within the body of the function calls itself. 


C. Exercise Questions 


What are the advantages of functions? 

What does a function do? 

Write the definition of a function. 

Write the syntax for a function. 

Differentiate between user-defined and library-defined functions. 

How does a function work? Explain how arguments are passed and results are returned? 
What are arguments? How are arguments passed to a function? 

What is the use of a return statement? 
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Is it possible to return multiple values from a function? 


PR 
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What are local and global variables? 
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PROGRAMMING ASSIGNMENTS 


1. Write a function eval_Quadratic_Equa(a, b, c, x) which returns the value of any quadratic 
equation of form 


ax*+ bx +e 


2. Write a function calc_exp(base, exp) which computes the exponent of any number, i.e. 
base“?. The function should take two values as base, which can be float or integer. Exp will 
be an integer greater than 0. 


3. Write a function Cale_GCD_Recurr(a, b) which calculates the GCD recursively of two 
numbers. The function should take two positive integers and should return one integer as 
GCD. 


Note: The greatest common divisor (GCD) of two positive integers is the largest integer that 
divides each of them without a remainder. 


Example: 
gced(12 , 2) =2 
gcd(6 , 12) =6 
gcedQ9 , 12) =3 

4, Write a function reverse_number() to return the reverse of the number entered. 
Example: 
Reverse_number(1234) displays 4321 

5. A four-digit integer is entered through the keyboard. Write a function to calculate the sum 
of the four-digit number both without recursion and using recursion. 

6. A positive integer is entered through the keyboard. Write a function factors(num) to obtain 
the factors of the given numbers. 

7. Write a program to define function dec_bin(num) to convert the existing decimal number 
into its equivalent binary number. 


Strings 


CHAPTER OUTLINE 
7.1 Introduction 7.5 Traversing String with for and while 
7.2 The str class Loop 
7.3 Basic Inbuilt Python Functions for String 7-6 Immutable Strings 
7.4 The index[] Operator 7.7 The String Operators 


7.8 String Operations 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


Create and use string in programming 


Write programs to access characters within a string using index operators, including accessing 
characters via negative index 


Use str[start : end] slicing operator to get a substring from larger strings 
Use various inbuilt functions of strings, such as len(), min() and max() functions 


Apply inbuilt operators on strings +, * and compare two different strings using >,>=, <, <=, ==,!= 
operators 


Use various methods of strings such as capitalise(), upper(), lower(), swapcase(), and 
replace() to convert string from one form to another 


Search substrings from a given string using various methods of string such as find(), rfind(), 
endswith(), startwith() 


Format strings by using ljust(), rjust(), centre(),format() functions 
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7.1. INTRODUCTION 


Characters are building blocks of Python. A program is composed of a sequence of characters. 
When a sequence of characters is grouped together, a meaningful string is created. Thus, a string 
is a sequence of characters treated as a single unit. 


In many languages, strings are treated as arrays of characters but in Python a string is an object 
of the str class. This string class has many constructors. 


The next section describes constructors and how to access strings. 


7.2 THE str CLASS 


Strings are objects of the str class. We can create a string using the constructor of str class as: 


Sl=str() #Creates an Empty string Object 
S2=str(“Hello”) #Creates a String Object for Hello 


An alternative way to create a string object is by assigning a string value to a variable. 


Example 


Sl = “” # Creates a Empty String 
S2= “Hello” # Equivalent to S2=str (“Hello”) 


All the characters of a string can be accessed at one time using the index operator. This has been 
explained in Section 7.4. 


7.3. BASIC INBUILT PYTHON FUNCTIONS FOR STRING 


Python has several basic inbuilt functions that can be used with strings. A programmer can make 
use of min() and max() functions to return the largest and smallest character in a string. We can 
also use len() function to return the number of characters in a string. 


The following example illustrates the use of the basic function on strings. 


>>> a = “PYTHON” 

>>> len(a) #Return length i.e. number of characters in string a 
6 

>>> min(a) #Return smallest character present in a string 

‘HY 

>>> max(a) #Return largest character present in a string 

\y! 


7.4 THE index [] OPERATOR 


As a string is a sequence of characters, the characters in a string can be accessed one at a time 
through the index operator. The characters in a string are zero based, i.e. the first character of the 
string is stored at the 0" position and the last character of the string is stored at a position one less 
than that of the length of the string. Figure 71 illustrates how a string can be stored. 
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Figure 7.1 Accessing characters in a string using the index operator 


Example 


>>> 


S1="Python” 


>>>S1[0] #Access the first element of the string. 


‘pr 


>>>S1[5] #Access the last element of the String. 


‘n! 


© 


Note: Consider a string of length 'n’, i.e. the valid indices for such string are from O to n-1. If you try fo 
access the index greater than n-1, Python will raise a ‘string index out of range’ error. The following 
xample illustrates the same. 


Sorrae sk 

>>> al3] 

Traceback (most recent call last): 

File “<pyshell#1>”, line 1, in <module> 
a[3] 


IndexError: string index out of range 


7.4.1 Accessing Characters via Negative Index 


The negative index accesses characters from the end of a string by counting in backward direction. 
The index of the last character of any non-empty string is always -1, as shown in Figure 7.2. 


S—_> P Y DP H O N 
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S[-6] S[-5] S[-4] S[-3] S[-2] — S[-1] 


Figure 7.2 Accessing characters in a string using negative index 


Example 


>>> 
>>> 
‘N’ 
>>> 
‘oO’ 
>>> 
‘yy’ 


>>> 


S=" PYTHON” 


S[-1]#Access the last character of a String ‘S’ 
S[-2 
S[-3 
S[-4 
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>>> S[-6]#Access the First character of a String ‘S’ 
‘pr 


& Note: 
S[-n] == S[Length _ of(S)-n] 
Example: 
S="IIT-Bombay” 
>>> S[-3] 


S555 Ve) 


Explanation 
S [-3] ==S [Len (S) -3] =S$ [10-3] =S[7]. 


Thus, S[-3]==S[7] prints the character stored at index 7 counting in a forward direction or we can 
say it prints the character stored at index -3 counting in backward direction from the string S. 


7.5 TRAVERSING STRING WITH for AND while LOOP 


A programmer can use the for loop to traverse all characters in a string. For example, the following 
code displays all the characters of a string. 


PROGRAM 7.1 | Write a program to traverse all the elements of a string using the for loop. 


Sie"? iia lie” 
iE@ue Gla. dim Sle 


jonealiaie (ela, iavel=”” ) 


Output 


India 


Explanation The string ‘India’ is assigned to the variable S. The for loop is used to print all the 
characters of a string S. The statement ‘for ch in S:’ can read as ‘for each character ch in S print ch’. 


PROGRAM 7.2 | Write a program to traverse every second character of a string using the for loop. 


S=" ILOVEPYTHONPROGRAMMING” 
for ch in range(0,len(S),2):#Traverse each Second character 
jonealiaje (3 eal] , Gravel") 


Output 


1 ©) Met IN IR] AN ME IN 
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7.5.1 Traversing with a while Loop 


A programmer can also use the while loop to traverse all the elements of a string. The following 
example illustrates the use of the while loop to traverse all the characters within a string using the 
while loop. 


PROGRAM 7.3 | Write a program to traverse all the elements of a string using the while loop. 


SS" ininchbiew” 
index=0 
while index<len(S) : 
print (S [index] ,end="") 


index=index+1 


Output 


India 


Explanation The while loop traverses a string and displays each character. The condition 
index<len(S) is checked in each iteration. When the value of an index is equal to the length of the 
string, the condition is false and the body of loop is not executed. The last character accessed is one 
less than that of that of the length of the string. 


7.6 IMMUTABLE STRINGS 


Character sequences fall into two categories, i.e. mutable and immutable. Mutable means changeable 
and immutable means unchangeable. Hence, strings are immutable sequences of characters. 


Consider the following example. Let’s see what happens if we try to change the contents of the 
string. 
Example 
Strl="I Love Python” 
Str1[0]="U" 
print (Str1) 


ERROR: 


TypeError: ‘str’ object does not support item assignment 


Explanation 


In the above example, we have assigned the string “I Love Python” to Strl. The index [] operator 
is used to change the contents of the string. Finally, it shows an error because the strings are 
immutable, which means one cannot change the existing string. 
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Note: If you want to change the existing string, the best way is to create a new string that is a 
variation of the original string. 

Strl—" i loves Python” 

Siew 2a" Siew aL (ale || 

print (Str2) 


Output 


U Love Python 


Consider the following two similar strings. “Hello” is assigned to two different variables as: 


Strl="Hello” 
Str2="Hello” 


In the above example both the variables, str1 and str2 have the same content. Thus, Python uses 
one object for each string which has the same content as shown in Figure 7.3. str1 and str2 refers to 
the same string object, whereas str1 and str2 have the same ID number. 


>>>strl="Hello” 
>>>str2="Hello” 
>>>id(Str1) 
53255968 
>>>id(Str2) 
53255968 


strl1 ——> str 


str? str object for “Hello 


Figure 7.3 String with the same contents share the similar id 


7.7 THE STRING OPERATORS 


String contains the slicing operator and the slicing with step size parameter is used to obtain 
the subset of a string. It also has basic concatenation ‘+’, ‘in’ and repetition “*’ operators. The next 
section describes string operators in more detail. 


7.7.1 The String Slicing Operator [start: end] 


The slicing operator returns a subset of a string called slice by specifying two indices, viz. start 
and end. The syntax used to return a subset of a string is: 


Name of Variable of a String[Start Index: End Index] 
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Example 


>>> S="IIT-BOMBAY” 
>>> S[4:10]#Returns a Subset of a String 
‘BOMBAY’ 


The S[4:10] returns a subset of a string starting from start index, i.e. 4 to one index less than that 
of end parameter of slicing operation, i.e. 10-1=9. 


7.7.2 String Slicing with Step Size 


In the above section, we learnt how to select a portion of a string. But how does a programmer 
select every second character from a string? 

This can be done using step size. In slicing, the first two parameters are start index and end 
index. We need to add a third parameter as step size to select the characters from a string with 
step size. 


Syntax 


Name of Variable of a String[Start_Index:End_Index:Step_Size] 
Example 


>>>S=" TIT-BOMBAY” 
>>> S[0:len(S) :2] 
>>>’ ITBMA’ 


Explanation 


Initially we have assigned a string “IIT-Bombay” to S. The statement S[0:len(S):2] indicates us to 
select the portion of a string which starts at index 0 and ends at index 10, i.e. the length of the string 
“ITT-BOMBAY”. The step size is 2. It means that we first extract a slice or a portion of the string 
which starts with the index 0, ends with the index 10 and selects every other second character from 
the string S. 


Some More Complex Examples of String Slicing 


>>> S="IIT-MADRAS” 
>>> S[::]#Prints the entire String 
‘TIT-MADRAS’ 


>>> S[::-1] 
‘SARDAM-TII‘#Display the String in Reverse Order 


>>>S=" IT IT-MADRAS” 

>>> S[-1:0:-1]#Access the characters of a string from index -1 
>>>’ SARDAM-TI’ 

>>>S="TIT-MADRAS” 

>>> S[-1:0:-1]#Access the characters of a string from index -1 
>>>’ SARDAM-TI’ 
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>>> S[:-1] 
#start with the character stored at index 0 & exclude the last character stored 
at index -1. 


‘ITIT-MADRA’ 


7.7.3 The String +, * and in Operators 


1. The + Operator: The concatenation operator ‘+’ is used to join two strings. 


Example: 
>>> S1l="IIT * #The String “IIT” assigned to S1 
>>> S2="Delhi”#The String “Delhi” assigned to S1 
>>> S1+S2 
‘TIT Delhi’ 


2. The * Operator: The multiplication (*) operator is used to concatenate the same string multiple 
times. It is also called repetition operator. 
Example: 
>>> S1l="Hello” 
>>> S2=3*S1#Print the String “Hello” three times 
>>> S2 
‘HelloHelloHello’ 


Note: S2=3*S1 and S2=S1*3 gives same output 
3. The in and not in Operator: Both Operators in and not in are used to check whether a string 
is present in another string. 
Example: 
>>> S1l="Information Technology” 
#Check if the string “Technology” is present in S1 
>>> “Technology” in S1 
True 
#Check if the string “Technology” is present in S1 
>>> “Engineering” in S1 
False 
>>> S1l="Information Technology” 
# Check if the string “Hello” is not present in S1 
>> “Hello” not in S1 


True 


PROGRAM 7.4 | Write a program to print all the letters from word1 that also appear in word2. 


Example: Word1 = USA North America 
word2= USA South America 
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#Print the letter that appear in wordl &also appears in word2 


Output 
USA orth America 


Solution 


word1="USA North America” 

word2="USA South America” 

print (“word1=” ,word1) 

print (“word2=”" ,word2) 

print (“The words that appear in word1 also appears in word2”) 
for letter in word1: 

aie Jbeieieeie alin ywronctcl® ¢ 
jouealiae (Aleicieeue,, Gravel="” ) 


Output 


wordl= USA North America 

word2= USA South America 

The words that appear in wordl also appears in word2 
USA orth America 


Explanation 


In the above program, the string “USA North America” is assigned to word] and the string “USA 
South America” is assigned to the String word2. In the for loop, each letter of word1 is compared 
with all the letters of word2. If a letter of word1 appears in word2 then the particular letter is 
printed. A programmer can read the above for loop as for each letter in the first word, if it appears 
in the second word then print that letter. 


7.8 STRING OPERATIONS 


The str class provides different basic methods to perform various operations on a string. It helps to 
calculate the length of a string, to retrieve the individual characters from the given string and to 
compare and concatenate the two different strings. 


7.8.1 String Comparison 


Operators such as ==,<,>,<=,>=and != are used to compare the strings. Python compares strings by 
comparing their corresponding characters. 


Example 
>>> S1l="abcd” 
>>> S2="ABCD” 
>>> S1>S2 


True 
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Explanation 


The string ‘abcd’ is assigned to the string S1 and the String ‘ABCD’ is assigned to $2. The statement 
S1 > $2 returns True because Python compares the numeric value of each character. In the above 
example, the numeric value, i.e. ASCII value of ‘a’ is 97 and ASCII numeric value of ‘A’ is 65. It 
means 97 > 65. Thus, it returns True. However, character by character comparison goes on till the 
end of the string. 


Some More Examples of String Comparison 


>>> Sl="abec” 
>>> S2="abc" 
>>> S1l==S2 
True 

>>> S1l="ABC” 
>>> S2="DEF” 
>>> S1>S2 


False 


>>> S1l="AAA” 
>>> S2="AAB” 
Soo 62552 


True 


>>> S1l="ABCD” 

>>> S2="abcd” .upper () 
>>> S2 

‘ABCD’ 

>>> S1>S2 

False 

>>> S1l>=S2 


True 


7.8.2 The String .format() Method() 


In Python 2 and 3, programmers can include %s inside a string and follow it with a list of values 
for each %. 


Example 
>>> “My Name is %s and I am from %s”%(*“JHON” ,”USA” ) 


‘My Name is JHON and I am from USA’ 


In the above example, we have seen how to format a string using % (modulus) operator. However, 
for more complex formatting, Python 3 has added a new string method called format () method. 
Instead of % we can use {0}, {1} and so on. The syntax for format () method is: 


template. foramt (PO, PL, css. ,k0=V0,K1=V1...} 
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whereas the arguments to the .format() method are of two types. It consists of zero or more 
positional arguments P; followed by zero or more keyword arguments of the form, K,=V;. 
Example 

>>> ‘{} plus {} equals {}’.format (4,5,’Nine’) 

‘4 plus 5 equals Nine’ 

Explanation 


The format () method is called on the string literal with arguments 4,5 and ‘nine’. The empty {} are 
replaced with the arguments in order. The first {} curly bracket is replaced with the first argument 
and so on. By default, the index of the first argument in format always start from zero. One can also 
give a position of arguments inside the curly brackets. The following example illustrates the use of 
index as argument inside the curly bracket. 


Example 

>>>"My Name is {0} and I am from {1}”.format ("Milinda”,”USA”) 
‘My Name is Milinda and I am from USA’ 

Explanation 


The format () method contains various arguments. In the above example, the format () method 
has two arguments, viz. “Milinda” and “USA”. The index of the first argument of the format () 
method always starts from 0. Therefore, {0} replaces the 0" argument of the format. Similarly {1} 
replaces the first argument of the format. 


Keyword Argument and format () Method 


We can also insert text within curly braces along with numeric indexes. However, this text has to 
match keyword arguments passed to the format () method. 


Example 


>>> “I am {0} years old.I Love to work on {PC} Laptop”.format (25, PC="APPLE” ) 
‘IT am 25 years old.I Love to work on APPLE Laptop’ 


7.8.3 The split () Method 


The split() method returns a list of all the words in a string. It is used to break up a string into 
smaller strings. 


Example 


Consider the following example where names of different programming languages such as C, C++, 
Java and Python is assigned to a variable Str1. Applying split() method on str1 returns the list of 
programming languages. 

>>>Strl="C C++ JAVA Python” #Assigns names of Programming languages to Str1l 
>>>Strl1.split () 

[‘C,C++,JAVA, Python’ ] 
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PROGRAM 7.5 Consider a input string that has a list of names of various multinational companies, such as TCS, 
*“ | INFOSYS, MICROSOFT, YAHOO and GOOGLE. Use split method and display the name of 
each company in a different line. 


TOP_10 Company="TCS, INFOSYS, GOOGLE,MICROSOFT, YAHOO” 
Company=TOP_ 10 Company.split(“,”) 
print (Company) 
for c in Company: 
jonealiaie (Eiasl=”” )) 
print (c) 


Output 


[tes “INFOSYS’7 “GOOGLE, “MEGROSOFT’ | “YAHOO” | 
TCS 

INFOSYS 

GOOGLE 

MICROSOFT 

YAHOO 


Note: The split() method can be called without arguments. If it is called without a delimiter, then 
by default the space will act as a delimiter. 


7.8.4 Testing String 


A string may contain digits, alphabets or a combination of both of these. Thus, various methods 
are available to test if the entered string is a digit or alphabet or is alphanumeric. Methods to test 
the characters in a string are given in Table 71. 


Table 7.1 The str class methods for testing its characters 


Methods of str Class for Testing its Character Meaning 
bool isalnum() Returns True if characters in the string are 
Example: alphanumeric and there is at least one character. 


>>>S="Python Programming” 
>>>S.isalnum() 

False 

Sap SS" Pyiclacia” 
>>>S.isalnum() 

Wiewe 

>>> P="1Jhon” 
>>>P.isalnum() 

Wau 


(Contd.) 
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bool isalpha() Returns True if the characters in the string are 
Example: alphabetic and there is at least one character. 
>>> S="Programming” 

>>>S.isalpha () 

True 

>>> S="1Programming” 


>>>S.isalpha () 


False 
bool isdigit() Returns True if the characters in the string 
Example: contain only digits. 


SoS solr i234" 
>>> Strl.isdigit () 
Imebie 

Sa Sierra LAseo” 
>>> Str2.isdigit () 


False 
bool islower() Returns True if all the characters in the string 
Example: are in lowercase. 


>>> S="hello” 


>>>S.islower () 


True 
bool isupper() Returns True if all the characters in the string 
Example: are in uppercase. 


SS Sa" ella b(Oy 
>>>S.isupper () 


Ihe we 

bool isspace() Returns true if the string contains only white 
Example: space characters. 

>>> Sa" ™ 


>>>S.isspace () 
True 


>>> Strl="Hello Welcome to Programming 
World” 


>>> Strl.isspace () 


False 


7.8.5 Searching Substring in a String 


Table 7.2 contains methods provided by the str class to search the substring in a given string. 


Strings 


Table 7.2 Methods to search a substring in a given string 


Methods of str Class for Searching the Substring in a Given String 


Meaning 


bool endswith(str Stri1) 
Example: 


>>> S="Python Programming” 
>>>S.endswith (“Programming” ) 
AAS 


bool startswith(str Str1) 
Example: 


>>> S="Python Programming” 
>>>S.startswith (“Python”) 
True 


int find(str Str1) 
Example: 


>>> Strl="Python Programming” 
Ses Siciwil , atiavel (“Piers”) 


7#Returns the index from where the string “Prog” 


begins 
>>> Str1.find(“Java” ) 


-1#Returns -1 if the string “Java” is not found in 


the string strl1 


int rfind(str Str1) 

Example: 

>>> Strl="Python Programming” 
>>> Stri.rfind("“o”) 


9#Returns the index of last occurrence of string “o” 


in Strl1 

int count(str $1) 
Example: 

>>> Str1i="Good Morning” 
Sap Sicieil,cophaic (%*o™” )) 

3 


Returns true if the string ends 
with the substring Str1. 


Returns true if the string starts 
with the substring Str1. 


Returns the lowest index where 
the string Str1 starts in this string 
or returns -1 if the string Str1 is 
not found in this string. 


Returns the highest index where 
the string Str1 starts in this string 
or returns -1 if the string Str1 is 
not found in this string. 


Returns the number of 
occurrences of this substring. 


7.8.6 Methods to Convert a String into Another String 


A string may be present in lower case or upper case. The string in lower case can be converted 
into upper case and vice versa using various methods of the str class. Table 7.3 contains various 


methods to convert a string from one form to another. 
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Table 7.3. Methods to convert string from one form to another 


Methods of Str Class to Convert a String from One Form to Another Meaning 

str capitalize() Returns a copy of the string 
Example: with only the first character 
Sse Sleil=a" ill le? capitalised. 


>>> Strl.capitalize () 
‘Hello’ #Convert first alphabet of String Strl1 to 


uppercase 

str lower() Returns a copy of the string with 
Example: all the letters converted into 
>>> Strl="INDIA” lower case. 


>>> Strl.lower () 


‘india’ 

str upper() Returns a copy of the string with 
Example: all the letters converted into 
>>> Strl="iitbombay” upper case. 

>>> Stel upper) 

‘IT ITBOMBAY’ 

str title() Returns a copy of the string with 
Example: the first letter capitalised in each 
>>> Strl="welcome to the world of programming” word of the string. 


>>> Stril.title() 


‘Welcome To The World Of Programming’ 


str swapcase() Returns a copy of the string which 
Example: converts upper case characters 
>>> Strl="IncreDible India” into lower case characters and 


lower case characters into upper 


>>> Strl.swapcase () 
case characters. 


‘iNCREGIBLE iNDIA’ 


str replace (str old, str new [,count]) Returns a new string that 

Example: replaces all the occurrences of the 

>>> S1="I have brought two chocolates, two cookies old string with a new string. The 

and two cakes” third parameter, i.e. the count is 

#Replace the old string i.e “two” by new string i.e. optional. It tells the number of 

“three”. old occurrences of the string to be 

Lge: SO=Siwep bane mews ease) replaced with new occurrences of 
the string. 

#Replace all occurrences of old string “two” by 

“three” 

>>> S2 


‘I have brought three chocolates, three cookies and 
three cakes’ 


(Contd.) 
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Q. Replace two chocolates and two cookies by three chocolates and 
three cookies. 


>>> Sl="I have brought two chocolates, two cookies 
and two cakes” 

>>> Sl.replace(“two”,”three” ,2) 

#Replace only first 2 occurrences of old string 
“two” by “three” 

‘I have brought three chocolates, three cookies and 
two cakes’ 


7.8.7 Stripping Unwanted Characters from a String 


A common problem when parsing text is leftover characters at the beginning or end of a string. 
Python provides various methods to remove white space characters from the beginning, end or 


both the ends of a string. 


To) Note: Characters such as”, \f\r, and \n are called white space characters. 


Methods to strip leading and trailing white space characters are given in Table 7.4. 


Table 7.4 Methods to strip leading and trailing white space characters 


Methods of str Class for Stripping White Space Characters Meaning 

str lstrip() Returns a 
Example: string with the 
>>> Scentencel=” Hey Cool!!.” leading white 


>>> Scentencel#Display Scentencel 


‘ Hey Cool!!.'’#Before Stripping left white space 

>>> Scentencel.lstrip()#Remove left white space characters 
‘Hey Cool!!.’#After Stripping left white space characters 
Example: 


>>>Bad_Sentence=" \t\tHey Cool!!.” 

>>>Bad_Sentence#print Bad Scentence before removing whitespace 
* We \esiey, Gooiltl.% 

>>>Bad_Sentence.lstrip()#Print Bad Sentence after removing 
‘Hey Cool 

str rstrip() 

Example: 

>>> Scentencel="Welcome!!!\n\n\ “ 

>>> Scentencel.rstrip()#Remove trailing white space character 


‘Welcome! !!\n\n\\'#After Removing white space character 


space characters 
removed. 


Returns a 
string with the 
trailing white 


space characters 
removed. 
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str strip() Returns a_ string 
Example: with the leading 
>>> Strl=" Hey,How are you!!!\t\t\t “* and trailing white 
>>> Strl#Print string strl before stripping S\PRKce characters 
removed. 


‘ Hey,How are you!!!\t\t\t ‘ 

>>> Strl.strip()#Print after Stripping 

‘Hey,How are you!!!’ 

Example: 

>>> sl="@Cost Prize of Apple Laptop is at Rs = 20 Dollars $$s$s$” 
>>> sl#Before removing unwanted characters @ and §$ 

‘@Cost Prize of Apple Laptop is at Rs = 20 Dollars $$$$’ 

>>> sl.strip(‘@$s’) 

‘Cost Prize of Apple Laptop is at Rs = 20 Dollars ‘#After Removing 


@ Note: peed does not apply to any text in the middle of a string. It only strips the white space 
characters from the beginning and end of a string. 


Example 


>>> S1l="Python Programming” 

>>> Sl#Print Sl before stripping 

‘Python Programming’ 

>>> S1l.strip() 

‘Python Programming’#Print S1 after stripping 


In the above example, there are multiple spaces between the two string “Python” and 
“Programming”. Even though after applying strip() method on S1, The string $1 remain 
unchanged. The white space characters are not removed from the string 51. 


7.8.8 Formatting String 
Table 7.5 Methods to format a string 


Methods of str Class for Formatting Characters Meaning 

str center(int width) Returns a copy of the string 
Example centered in a field of the 
>>> S1l="APPLE MACOS” given width. 

#Place the string S1 in the center of a string with 11 

characters 

SS> Si. Center (15) 

‘APPLE MACOS’ 
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str ljust(int width) 
Example: 


>>> S1l="APPLE MACOS” 


#Place the string S1 
characters. 


>>> S1.1ljust (15) 
‘APPLE MACOS’ 


str rjust(int width) 
Example: 
>>> S1="APPLE MACOS” 


#Place the string S1 
characters. 


>>> S1l.rjust (15) 
‘APPLE MACOS’ 


at the left of a string with 15 


at the right of a string with 15 


Returns a string left justified 
ina field of the given width. 


Returns a_ string right 
justified in a field of the 
given width. 


7.8.9 Some Programs on String 


PROGRAM 7.6 ‘b’ in that word. 


Write the function countB(word) which takes a word as the argument and returns the number of 


def countB (word) : 
print (word) 
GoOulinc = O 
for b in word: 
aie (is) Se “oy? ) 2 
C@Oiblaic, = Cobiaice 45 ab 
return count 
jorealiae (™ iNuiioeie OIE “lo” = 


Output 


abbbabbaaa 


iNhmMloeHe Cie “Mio! = 5 


“, countB (“abbbabbaaa” ) ) 


Write the function count_Letter(word, letter) which takes a word and a letter as arguments and 
PROGRAM 7.7 oe ras i 
returns the number of occurrences of that letter in the word. 


Gleiz Cloiblnte Weicicere (unouetel, Ikeiciee@ie)) = 
print (“Word = “,word) 

joiealinie, (MLSICieeIS ico Cewime = “, Ieicieee)) 
joroalimic, (“IMUINOEIe OIE OCeUIAeiCES Ci 8” , Ivecicere, ”” 


coun’, =U. 


iE@ue aL alin wiKouctols 


is =" : end=”" ms) 
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ie “(Gh S= ikecieexe)) e 
(Koybhalc, = Cloyblaye <b AL 
return count 
X= Colne. Ibyeseic@ie (IUNTIEIDVAY , IE" ) 
print (x) 


Output 


Word = INIDA 
Letter to count = I 


iINUINSeIe OIE GCCUWIAEMeSS OF “ WY as =2 


PROGRAM 78 Write the function modify_Case(word) which changes the case of all the letters in a word and 
returns the new word. 


def modify Case (word) : 
jonealiaie (Oreste plineill Sheiesliae; = ™ , vweuetl) 
print (“After Swapping String = “,end="") 
return word.swapcase () 


print (modify Case(“hi Python is intresting, isn’t it ? “)) 


Output 
Original String = hi Python is intresting, isn’t it ? 
After Swapping String = HI PYTHON IS INTRESTING, ISN’T IT ? 


PROGRAM 79 | 4 String contains a sequence of characters. Elements within a string can be accessed using an 
** | index which starts from 0. Write the function getChar(word, pos) which takes a word and a 
number as arguments and returns the character at that position. 


def getChar (word, pos) : 

jouealioue (“\exeicl = ,\xenetel)) 
jouciliae, (“Clagicacinee eit Degailicilem “jos,” = ™“,ciacl=””)) 
(oubhoneeue = 0) 
‘gone al alin, \renetele 

COUNECIAN——COUMEC ast melt 

ise ((oywinieeis == joyoys})) 2 

iS Wlicial. GL 


print (getChar (“Addicted to Python “,3)) 


Output 


Word = Addicted to Python 
Character at Position 3 = i 


Strings 


Write a function Eliminate_Letter(word, letter) which takes a word and a letter as arguments 
PROGRAM 7.10 : ae 

and removes all the occurrences of that particular letter from the word. The function will return 

the remaining letters in the word. 


def Eliminate Letter (word,Letter) : 


jonealioie (“Siezeatiae; = “ , wrewetcl) 

print (“After Removing Letter : “,Letter) 
jouealiaie (Sieialiasy = “,, iacl=””)) 

a WS ite tae 


newstr = word.replace(Letter,””) 
return newstr 
#Sample test 
x = Eliminate Letter(‘ PYTHON PROGRAMMING’ ,’P’) 


print (x) 


Output 


Siewaiae = PYTHON PROGRAMMING 
After Removing Letter: P 
String = PYTHON ROGRAMMING 


PROGRAM 7.11 Write the function countVowels(word) which takes a word as an argument and returns the 


ee ee ee 


vowels (‘a’, ‘e’, ‘i’, ‘o’, ‘u’) in that word. 


def countVowels (word) : 
joneatiove (O° yfenetcl = “ -\ixoxerel)) 
word = word. lower () 
return {v:word.count(v) for v in ‘aeiou’ } 


print (countVowels(“I Love Python Programming” ) ) 


Output 


Word = I Love Python Programming 
ire 0) Vale or oe. 2 SOP ei. See sah) 


PROGRAM 7.12 is Ne function UpperCaseVowels(word) which returns the word with all the vowels 


def UpperCaseVowels (word) : 
new— 
print (“string = “,word) 
print (“ After Capitializing Vowels”) 
jouealigue. (“Shersliae; = “, Ciacls”” ) 


for i in word: 
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ae (ak ee “av ofe ch se VEY ore a se “al! oie a S= YO? Cle al Se YH’ js 
new = new + i.upper() 

else: 
new = new + i 


return new 
#Sample run 
x = UpperCaseVowels(‘aehsdfiou’ ) 


print (x) 


Output 


string = aehsdfiou 
After Capitializing Vowels 
String = AEhsdfIOU 


ee ee ee 


Write the function replacevowels(word) which removes all the vowels (‘a’, ‘e’, ‘i’, ‘o’, ‘u’) ina 
PROGRAM 7.13 piocevewes(wor) ( ) 
word and returns the remaining letters in the word. 


def removeVowels (word) : 


Vs 


new = 
fovealione, (\Sieialiave; =” | yixenerel)) 
print (“String After Removing Vowels =”",end="") 


for i in word: 
aie (ai l= “ew cial shih “ev sunel aS “si! ene) sll= YO” einel a= “yi! ))s 
new = new + i 
return new 
#Sample run 
x = removeVowels(‘abceiodeuf’ ) 


print (x) 


Output 


String = abceiodeuf 


String After Removing Vowels =bcdf 


PROGRAM 7.14 Write the function isReverse(word1 , word2) which takes two words as arguments and returns 
True if the second word is the reverse of the first word. 


def isReverse (word1,word2) : 


joncaliaje (“Miiesic Wrosacl = “, wxoraclil) 
print (“Second Word = “,word2) 
if (word1l == word2[::-1]): 


return True 
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else: 


return False 
x = isReverse(‘Hello’,’olleH’ ) 


print (x) print (x) 


Output 

First Word = Hello 
Second Word = olleH 
True 


PROGRAM 7.15 Write a function mirrorText{word] , word2) which takes two words as arguments and returns a 
new word in the following order: word1word2word2word1. 


def mirrorText (word1, word2): 


joneatinie (Siereatiavesil = , wxorziclil) 
jouealiane ( “Sieialiavey = ,, wioueicl2)) 
jonealinie (“WMelicicone Sieialiae; = “, Giael=””) 


return word1+word2+word2+word1 


x = mirrorText (‘PYTHON’ ,’STRONG’ ) 


print (x) 

Output 

Stringl = PYTHON 
String2 = STRONG 


Mirror String = PYTHONSTRONGSTRONGPYTHON 


MINI PROJECT Conversion of HexDecimal Number into its Equivalent 
Binary Number 


Table 7.6. contains conversion of a hexadecimal number into its equivalent binary number. 


Table 7.6 Hexadecimal into equivalent binary form 


Hexadecimal Number Equivalent Binary Number Equivalent Decimal Number 
0001 
0010 
0011 
0100 
0101 
0110 


Dn oF WN 
Dn OF WN 
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A 0111 
8 1000 
9 1001 
‘N 1010 10 
‘B’ 1011 11 
Cc 1100 12 
‘D’ 1101 13 
‘E’ 1110 14 
pus 1111 15 


Program Statement 


Write a program to convert a hexadecimal number entered as a string into its equivalent binary 
format. 


Note: Use ord() to obtain the ASCII value of a character. 


Sample Input 


Please Enter Hexadecimal Number: 12FD 


Output 


Equivalent Binary Number is 
0001 0010 1111 1101 


Algorithm 


© STEP 1: Read the hexadecimal number as string from the user. 


© STEP 2: Pass ‘h’, i.e. the number as string to function named “hex_to_bin(h)’ 


© STEP 3: Inside function hex_to_bin(h), traverse each character of string ‘h’. 


Check if the character inside the string contains values in between ‘A’ and ‘F’. Then 
add 10 to the difference between ASCII values, i.e. (ord(‘ch’) — ord(‘A’)) + 10 and pass 
the obtained sum ‘X’ as string to function dec_bin(X). 


© STEP 4: Calculate the equivalent binary number of x and print the same. 


det dec bin (x): #Decimal to Binary 
k=[] 
ime 
while (n>0): 
a=int (float (n%2) ) 
k. append (a) 
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n=(n-a) /2 
k. append (0) 


string="" 
icone 5) alia I |l¢ g—al]| 
string=string+str (j) 
if len(string) >4: 
fouealione ((sicsgalinie;|like 1) ,ekarcl? “)) 
elif len(string) >3: 
jonealiohe, ((Sjicsealinle;, eae’ “)) 
elif len(string) >2: 
print (‘0’+string,end=' ‘) 
else: 


jonealiave (M0)! 4xsiiesealixsy, Giayel=? *") 


def hex to bin(h): #Hexdeciaml Number ‘h’ passed to function 
joncalione (*" , einycl=” ” ) 
for ch in range(len(h)): 
eh = hich] 
aie YAY ee Cla eatin’ s 
Gia = I@ “ ((@iael (ela) s@rael (SIAY )) )) 
dec_bin (dn) 
else: 
dn = (ord(ch) -ord(‘0’)) 
dec_bin (dn) 


n=input (‘Please Enter Hexadecimal Number:’ ) 
print (‘Equivalent Binary Number is as follows:’) 


hex _to_bin(n) 


Output 


Please Enter Hexadecimal Number:12FD 
Equivalent Binary Number is as follows: 
OU01 QOLO DELI Lies 


In the above program, initially the number as string is read from the user and passed to the 
function hex_to_binQ. The function traverses all the characters. For each character it converts 
into its equivalent decimal form ‘X’, the equivalent decimal number ‘X’ is passed to the function 
dec_bin(X), to calculate the binary of a number. Thus, finally we obtain an equivalent binary 
number for a given hexadecimal number. 
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SUMMARY 
ee 
¢ String is the object of the str class. 
¢ String object is immutable. 
¢ The index[] operator is used to access individual characters in a string. 
¢ You can use the for loop and the while loop to traverse the contents of a string. 


¢ Various string methods can be used to manipulate strings and perform various operations such as 
conversion of lower to uppercase, reversal, concatenation, comparison, search and replacement of 
string elements. 


ee KEY TERMS 


The index[] Operator: Access character 

The +, * and in Operator: Concatenate, repetition, check characters in a string 
Slicing str[start: end] Operation: Obtain substring 

Comparison Operators: ==,!= , >=, <= 

Immutable Strings: Cannot change the existing string 

The split() Method: Returns a list of words 

The format() Method: Format string, ie. left justify, right justify or center 


GFE 


Testing String: Check if the string contains digits, numbers or alphanumeric characters. 


ee REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. What will be the output of the following program? 
S1l="Welcome to JAVA Programming” 
S2=S1.replace (“JAVA” ,"Python” ) 
print (S1) 
print (S2) 


a. Welcome to JAVA Programming b. Welcome to Python Programming 
c. Welcome to Java Python Programming d. None of the above 
2. What will be the output of the following program? 
Str1l = “Hello” 
Str2=Strl1[:-1] 
print (Str2) 


a. olle b. Hello 
c. el d. Hell 
3. What will be the output of the following program? 
Strl= “The Sum of {0:b} and {1:b} is {2:b}”.format (2,2,4) 
print (Str1) 


Strings 
b. 
d. 


a. The Sum of 10 and 10 is 0100 
c. The Sum of 10 and 10 is 100 
4, What will be the output of the following program? 
Str1l="ABBCCDEEBBFFERBBJJUIBB” 
print (Strl.count (“BB”) ,end=’ ‘) 
print (Strl.count (“BB”,1),end='’ ‘) 
print (Str1l.count (“BB”,2),end='’ ‘) 
( 


print (Str1.count (“BB” ,3) ,end='") 


a. 4433 
c. 3434 
5. What will be the output of the following program? 
Strl="Python Programming” 
Str1[0]="J" 
print (Str1) 


a. Jython Programming 
c. Jython Jrogramming 
6. What will be the output of the following program? 
S="Programming” 
for char in S: 


print (char, end="") 


a. Programming 
c. Error 
7. What will be the output of the following program? 
S=" TLOVEWORLD” 
for ch in range(0,len(S),3): 
print (S[ch],end=" “) 


s 


The Sum of 2 and 2 is 100 
The Sum of 2 and 2 is 4 


4343 
4443 


Jython 
Error 


Programming 
None of the above 


a. IVOD b. IOWL 
c IVWL d. ILOV 
8. What will be the output of the following program? 
def countbc (word) : 
print (word) 
count = 0 
for be in word: 
Lf (bess “bey: 
count = count + 1 
return count 
print (“ Number of ‘be’ = “,countbc (“abcbabcaaa’” ) ) 
a. 0 b. 10 
G2 d. 1 


9. How would you print ‘UK’ for the given list? 


Countries = [‘India’, ‘USA’, ‘UK’] 
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a. Countries[2] b. Countries[-1:] 
c. Botha and b d. Onlya 
10. What will be the output of the following program? 
a = ‘\t\t\tPython\n\n’ 


print (a.strip()) 


a. Python\n b. Python\n\n 

c. Python d. \t\tPython 
11. Which of the following is the equivalent of s[:-1]? 

a. s[:len(s)] b. s[len(s):] 

c. sf::] d. S[:-1] 


B. True or False 


We cannot create an empty string. 

The negative index accesses characters from the beginning of a string. 

A programmer cannot use the for loop to traverse all characters in a string. 

It is impossible to traverse every third character of a string using the for loop. 
A programmer can only use the while loop to traverse all characters in a string. 
Mutable strings mean changeable strings. 

The slicing operator returns a subset of a string. 

The + operator concatenates two strings. 


SOP GO NON. OI G92 PSS 


The > is the comparison operator in strings. 


a 
S 


The format () is one of the methods used in strings. 


ray 
any 


. The isdigit() is used to test for integers. 


PR 
mM 


Python provides various methods to remove white space characters. 


—_ 
» 


Strings cannot be formatted. 


= 
> 


The rjust(int width) returns a string right justified in a field of the given width. 


= 
oh 


The is Reverse(word1, word2) is used in Python. 


C. Exercise Questions 


1. What is a string? 
2. How to create a string using a constructor of the str class? 
3. What is an index operator? How does it help in accessing characters? Give an example. 
4. Consider Str1, Str2, Str3, Str4 - the four different strings given as 
Str1="Welcome to Python Programming” 
Str2 =”Welcome to Python Programming” 


Str3=Str1 
Str4="to” 
What are the results of the following expressions? 
a. len(Str1) e. Str1[5:10] 
b. Str1[-7] f. Strl.count(‘m’) 
c. Str1[-3-1] g. Str1[8].capitalize() 


d. Str3==Strl h. Strl+” “+Str1 


Strings 


Write a procedure to traverse every third character of a string. 

How can all the elements of a string be traversed using the while loop? 
What is meant by immutable strings? 

What is the use of the slicing operator? 

How is a subset of a string obtained? 

How is step size in a string used? 


. List the comparison operators in a string. Create a table indicating comparison operators and their 


meaning. 

What is the use of the format () method? 

How can a string be broken? 

Explain the various methods to test if the strings entered contain digits or alphabets or alphanumerics. 
What do you mean by formatting a character? 


PROGRAMMING ASSIGNMENTS 


1. Write a program to read string and display “Total number of uppercase and lowercase 
letters’. 


2. Write the function Echo_Word(word) which takes a word as the argument and returns a 
word that repeats itself based on the number of letters in the word. 


3. Write the function Reverse_Word(word) which returns the word in the reverse order. 

4. Write the function startEndVowels(word) which returns True if the word starts and ends 
with vowels. 

5. Write the function getVowels(word) which takes a word as an argument and returns the 
vowels (‘a’, ‘e’, ‘i’, ‘0’ “u’) in that word. 

6. Write a program to read a string containing binary digits and convert it into its equivalent 
decimal integer. 
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CHAPTER OUTLINE 
8.1 Introduction 8.8 The List Operator 
8.2 Creating Lists 8.9 List Comprehensions 
8.3 Accessing the Elements of a List 8.10 List Methods 
8.4 Negative List Indices 8.11 List and Strings 
8.5 List Slicing [Start: end] 8.12 Splitting a String in List 
8.6 List Slicing with Step Size 8.13 Passing List to a Function 
8.7 Python Inbuilt Functions for Lists 8.14 Returning List from a Function 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


Explain the necessity and importance of ‘list’ in programming languages 
Create a list of different and mixed types 


Write programs to access the elements of a list using the positive index operator and the negative index 
operator 


Explain list slicing with different features and programs 
Use various operators, such as +, * and in operators on lists 


Create a new list from an existing list, learn to pass a list to a function and write programs to return 
lists from a function 


8.1. INTRODUCTION 


We may need to store variables of the same data type on many occasions. For example, currency 
notes used in daily life in India are of denominations %5, 10, 20, 100, 500 and 2000. If a programmer 
wishes to display all the six currency notes then by regular programming methods he/she may 
print them by reading all the currency notes with six different variables. Through a list, however, 
a programmer can use a single variable to store all the elements of the same or different data 
type and even print them. Similarly, miscellaneous lists to display top 100 countries in the world, 
students qualifying GRE exams, buying groceries etc. can be created. 

In Python, a list is a sequence of values called items or elements. The elements can be of any 
type. The structure of a list is similar to the structure of a string. 


8.2. CREATING LISTS 


The List class define lists. A programmer can use a list’s constructor to create a list. Consider the 
following example. 


Example: Create a list using the constructor of the list class 
a. Create an empty list. 
L1 = list(); 
b. Create a list with any three integer elements, such as 10, 20 and 30. 
L2 = list([10,20,30]) 
c. Create a list with three string elements, such as “Apple”, “Banana” and “Grapes”. 


L3 = list([“Apple”,”Banana”,"”Grapes”] ) 


d. Create a list using inbuilt range() function. 

L4 = list (range(0,6) ) # create a list with elements from 0 to 5 
e. Create a list with inbuilt characters X, Y and Z. 

L5=list (“xyz”) 


Example: Creating a list without using the constructor of the list class 


a. Create a list with any three integer elements, such as 10, 20 and 30. 
L1=[10,20,30] 


b. Create a list with three string elements, such as “Apple”, “Banana” and “Grapes”. 
L2 = [“Apple”, “Banana”, “Grapes” ] 


Note: A list can contain the elements of mixed type. 
Example: 


Ingh=ILikshe (I allavea” , “viele” ,2'5),.'5.. | )) 


The above example creates a list L3, which is of mixed type, i.e. it contains elements of different types, 
such as string, float and integer. 
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8.3 ACCESSING THE ELEMENTS OF A LIST 


The elements of a list are unidentifiable by their positions. Hence, the index [] operator is used 
to access them. The syntax is: 


Name_of Variable of _a_List [index] 


Example 

>>> L1=([10,20,30,40,50]) #Create a List with 5 Different Elements 
>>> L1 #print the complete List 

[10, 20, 30, 40, 50] 

>>> L1[0] # Print the first element of the List 

10 


Explanation The above example L1 creates a list of five elements 


L1 = [10,20,30,40,50] 


where L1 is the reference variable of the list. 


11[4] 50 
er 

L1[3] 40 
—_______ | 

L1[2] 30 
——_____ | 

La[1] 20 
—______ | 

L1[0] 10 
>| 


Figure 8.1 The list has five elements with index from O to 4 


Note: A list retains its original order. Therefore, a list is an ordered set of elements enclosed in square 
brackets separated by commas. The index of a non-empty list always starts from zero. 


8.4 NEGATIVE LIST INDICES 


The negative index accesses the elements from the end of a list counting in backward direction. 
The index of the last element of any non-empty list is always -1, as shown in Figure 8.2. 


List1 = 10 20 30 40 50 60 
-6 5 4 3 2 1 


Figure 8.2 List with negative index 


Accessing the elements of a list using a negative index. 


Example 
>>> List1=[10,20,30,40,50,60]#Create a List 
>>> Listl1[-1] #Access Last element of a List 
60 
>>>List1[-2] #Access the second last element of List 
50 
>>> List1[-3] #Access the Third last element of List 
40 
>>>List1[-6] #Access the first Element of the List 
10 
‘ca Note 
List[-n] == List [Length_of (List) -n] 
Example: 


>>>List1=[10,20,30,40,50,60] 
>>>List1[-3] 
40 


Explanation: 
List1 [-3] ==List1 [Len (List1) -3] =List1[6-3]=List1[3]. 


Thus, List] [-3]==List][3] prints the element stored at index 3 counting in a forward direction from the list or 
we can say it prints the element stored at index -3 counting in a backward direction from the list. 


8.5 LIST SLICING [START: END] 


The slicing operator returns a subset of a list called slice by specifying two indices, i.e. start and 
end. The syntax is: 
Name of Variable of a List[Start Index: End Index] 


Example 


>>> L1=([10,20,30,40,50]) #Create a List with 5 Different Elements 
>>> L1[1:4] 
20,30,40 


The L1[1:4] returns the subset of the list starting from index the start index 1 to one index less than 
that of the end index, i.e. 4-1 = 3. 
Example 


>>> L1=([10,20,30,40,50]) #Create a List with 5 Different Elements 
>>> L1[2:5] 
[30, 40, 50] 


The above example L1 creates a list of five elements. The index operator L1[2:5] returns all the 
elements stored between the index 2 and one less than the end index, i.e. 5-1 = 4. 
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8.6 LIST SLICING WITH STEP SIZE 


So far, we learnt how to select a portion of a list. In this section, we will explore how to select every 
second or third element of a list using step size. In slicing, the first two parameters are start index 
and end index. Thus, we need to add a third parameter as step size to select a list with step size. 
To be able to do this we use the syntax: 

List_Name [Start_Index:End_Index:Step_ Size] 


Example 


>>>MyListl=[“Hello”,1,”Monkey” ,2,"”Dog” ,3,”Donkey” ] 
>>>New_Listl=MyList1[0:6:2] 

print (New_List1) 

[‘Hello’, ‘Monkey’, ‘Dog’] 


Explanation Initially we created a list named Mylist1 with five elements. The statement 
MyList1[0:6:2] indicates the programmer to select the portion of a list which starts at index 0 and 
ends at index 6 with the step size as 2. It means we first extract a section or slice of the list which 
starts at the index 0 and ends at the index 6 and then selects every other second element. 


Example 


>>> Listl=[“Python”,450,"C”,300,",C++"”,670] 
>>> List1[0:6:3] #Start from Zero and Select every Third Element 
[‘Python’, 300] #Output 


8.6.1 Some More Complex Examples of List Slicing 


>>> Listli=[1,2,3,4] #List With Four Elements 


>>> MyList1[:2] #Access first two elements of the List. 
[1,2] 


>>> MyList1[::-1] #Display List in Reverse Order 
[4, 3, 2, 1] 


#Start index with -1 and End Index with 0 and step Size with -1 
>>>MyList1[-1:0:-1] 
[4,; 3, 2] 


8.7 PYTHON INBUILT FUNCTIONS FOR LISTS 


Python has various inbuilt functions that can be used with lists. Some of these are listed in 
Table 8.1. 


Table 8.1 Inbuilt functions that can be used with lists 


Inbuilt Functions Meaning 
Len() Returns the number of elements in a list. 
Max() Returns the element with the greatest value. 
Min() Returns the element with the lowest value. 
Sum() Returns the sum of all the elements. 
random. shuffle() Shuffles the elements randomly. 

Example 


#Creates a List to store the names of Colors and return size of list. 


>>> Listl=[“Red”,”Orange”,”Pink” ,”Green” ] 


>>> Listl 


[‘Red’, ‘Orange’, ‘Pink’, ‘Green’ ] 
>>> len(List1) #Returns the Size of List 
4 


#Create a List, find the Greatest and Minimum value from the list. 
>>> List2=[10,20,30,50,60] 

>>> List2 

[10, 20, 30, 50, 60] 


>>> max (List2) #Returns the greatest element from the list. 
60 
>>> min(List2) #Returns the minimum element from the list. 
10 


#Create a List, and Shuffle the elements in random manner. 
#Test Case 1 

>>>import random 

>>> random.shuffle(List2) 

>>> List2 

[30, 10, 20, 50, 60] 

>>> List2 

[30, 10, 20, 50, 60] 


#Test Case2 

>>> random.shuffle(List2) 
>>> List2 

[20, 10, 30, 50, 60] 
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#Create a List, and find the sum of all the elements of a List. 
>>> List2=[10,20,30,50,60] 


>>> List2 

[10, 20, 30, 50, 60] 

>>> sum(List2) # Returns the sum of all the elements 
170 


8.8 THE LIST OPERATOR 


1. The + Operator: The concatenation operator is used to join two lists. 


Example 

>>> a=[1,2,3] #Create a list with three elements 1,2, and 3 
>>> a #Prints the list 

[Ly 2,7. 3] 

>>> b=[4,5,6] #Create a list with three elements 4,5, and 6 
>>> b #print the list 

[45.55% 26) 

>>> atb #Concatenate the list a and b 


[1, 2, 3, 4, 5, 6] 
2. The * Operator: The multiplication operator is used to replicate the elements of a list. 


Example 


>>> List1=[10,20] 
>>> Listl 
10, 20] 
>>> List2=[20,30] 
>>> List2 
20, 30] 


>>> List3=2*Listl #Print each element of a Listl twice. 


>>> List3 


10, 20, 10, 20] 


3. The in Operator: The in operator used to determine whether an element is in a list. It returns 
True if the element is present and False if the element is absent in the list. 


Example 


>>> Listl= [10,20] 


>>> Listl 
[10, 20] 
>>> 40 in Listl #To Check if 40 is present in Listl 


False 


>>> 10 in Listl #To Check if 10 is present in Listl 
True 


4. The isOperator: Let us execute the following two statements: 
A=’Pythor’ 
B=’Python’ 
We know that both A and B refer to a string but we don’t know whether they refer to the same 
string or not. Two possible situations are: 


A—-> ‘Python’ A———->‘Python’ 


B ——_-» ‘Python’ B 


In the first case, A and B refer to two different objects that have the same values. In second 
case, they refer to the same object. To understand whether two variables refer to the same 
object, a programmer can use the ‘is’ operator. 


Example 


>>> A='Microsoft’ 

>>> B=’Microsoft’ 

>>> A is B #Check if two variable refer to the same Object 
True 


From the above example, it is clear that Python created only one string object and both A and B 
refer to the same object. However, when we create two lists with the same elements, Python creates 
two different objects as well. 


Example 

>>> A=[‘A’,'B’,'C’'] 

>>> B=[‘A’,‘'B’,'C’] 

>>> Ais B #Check if two lists refer to the same Object 


False 


Explanation In the above example, the two lists A and B contain exactly the same number of 
elements. The is operator is used to check if both the variables A and B refer to the same object, 
but it returns False. It means that even if the two lists are the same, Python creates two different 
objects. State diagram for the above example is given in Figure 8.3. 


A J [SAY Be EL] 


B J [MAS SB er] 


Figure 8.3 Effect of is operator on a list 


It is important to note that in the above example, we can say that the two lists are equivalent 
because they have the same elements. We cannot say that both the lists are identical because they 
don’t refer to the same object. 
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Note: 

1. In case of strings, if both the variables contain the same values then both the variables refer to th 
same object. 

2. In case of a list, if two variables contain the list with the same number of elements then both the 
variables refer to two different objects. 

3. If two objects are identical then they are also equivalent. 

4. If two objects are equivalent then it is not necessary that they will also be identical. 


5. The del Operator: The del operator stands for Delete. The del operator is used to remove the 
elements from a list. To delete the element of a list, the elements of the list are accessed using 
their index position and the del operator is placed before them. 


Example 

Lst=[10,20,30,40,50,60,70] 

>>> del Lst[2] #Removes 3°? element from the List 
>>> Lst 


[10, 20, 40, 50, 60, 70] 


Lst=[10,20,30,40,50,60,70] 

>>> del Lst[-1] 

>>> Lst #Removes last element from the List 
[10, 20, 30, 40, 50, 60] 


>>> Lst=[10,20,30,40,50,60,70] 

>>> del Lst [2:5] #Removes element from index position 2 to 4 
Soa Lst 

[10, 20, 60, 70] 


>>> Lst=[10,20,30,40,50,60,70] 
>>> del Lst[:] #Removes all the element from the List 
>>> Lst 


[] 


@ Note: The del operator uses index fo access the elements of a list. It gives a run time error if the index 
is out of range. 
Example: 


>>> del Lst [4] 
Traceback (most recent call last): 


File “<pyshell#37>", line 1, in <module> 
del Lst [4] 


IndexError: list assignment index out of range 


8.9 LIST COMPREHENSIONS 


List comprehension is used to create a new list from existing sequences. It is a tool for transforming 
a given list into another list. 


Example: Without list comprehension 


Create a list to store five different numbers such as 10, 20, 30, 40 and 50. Using the for loop, add 
number 5 to the existing elements of the list. 


>>> Listli= [10, 20, 30, 40, 50] 
>>> Listl 
[10, 20, 30, 40, 50] 
>>> for i in range(0,len(Listl)): 
List1 [i] =List1[i]+5 #Add 5 to each element of Listl 
>>> Listl #print the Listl After Performing 
[15, 25, 35, 45, 55] 


The above code is workable but not the optimal code or the best way to write a code in Python. 
Using list comprehension, we can replace the loop with a single expression that produces the same 
result. 

The syntax of list comprehension is based on set builder notation in mathematics. Set builder 
notation is a mathematical notation for describing a set by stating the property that its members 
should satisfy. The syntax is 


[<expression> for <element> in <sequence> if <conditional>] 


The syntax is designed to read as “Compute the expression for each element in the sequence, 
if the conditional is true”. 


Example: Using list comprehension 


>>> Listi= [10, 20, 30, 40, 50] >>> Listi= [10,20,30,40,50] 
>>> Listl >>> Listl= [x+10 for x in List1] 
[10, 20, 30, 40, 50] >>> Listl 


[20, 30, 40, 50, 60] 
>>>for i in range(0,len(List1) ): 
List1 [i] =List1[i]+10 


>>>Listl 
[20, 30, 40, 50, 60] 


Without List Comprehension Using List Comprehension 


In the above example, the output for both without list comprehension and using list 
comprehension is the same. The use of list comprehension requires lesser code and also runs 
faster. With reference to the above example we can say that list comprehension contains: 


a. An input sequence 


Programming and Problem Solving with Python 


b. A variable referencing the input sequence 
c. An optional expression 
d. An output expression or output variable 


Example 

Listl= [20, 30, 40, 50, 60] 

Listi= [ x+10 for x in List1] 
(An output (An input sequence) 
variable) 


(A variable referencing 
an input sequence) 


Output [20, 30, 40, 50, 60] 


PROGRAM 8.1 Write : program to create a list with elements 1,2,3,4 and 5. Display even elements of the list 
using list comprehension. 


Imisicil= |(b,2,3,4, 51] 
jouealiaie (“CloimiEeiaie oie ial Sic il”) 
print (List1) 


IbskSicik=s [Re teene Se Glin IbslSiedl akic xBQ==(0)]| 
print (“Even elements from the List1”) 
jonealioe (ibal aie ik) 


Output 


Content of Listl 

li, 2B, By Be Sil 

Even elements from the Listl 
IB, 4) 


Explanation The Listl contains element 1,2,3,4 and 5. The statement List1=[x for x in List1 if 
x%2==0] consists of an output variable x and an input sequence Listl and an expression x%2==0. 


8.9.1 Some More Examples of List Comprehension 


PROGRAM 8.2 | Consider the following mathematical expressions 
A ={: xin {0......... o}} 
B = {: x in {0......9}} 
C = {X: x in A and even} 


Write a program to create a list “A’ to generate squares of a number (from 1 to 10), list “B’ to generate cubes of a 
number (from 1 to 10) and list “€’ with those elements that are even and present in list “A’. 


joueatione (piste 7 = “, Sinicla” “) 
A=[x**2 for x in range(11)] #Computes Square of a number X 


print (A) 

B=[x**3 for x in range(11)] # Computes Cube of a number X 
jouedlion€ (“imiSie BB) = “ Gincle” “)) 

print (B) 

print (“Only Even Numbers from List A = “,end=”" “) 

(C= |[bx woe 8 alia YN alic 52 9==(0)]| 

jouealiaie ((C) 

Output 

Laeic IA = 1, i, 4, O, 16, 25, S36, 2, 64, Bi, Leol 


iisic B= [O, 1, 8, 27, G4, 125, 2G, 343, 512, 729, 10oo]| 
Only Even Numbers from List A = [0, 4, 16, 36, 64, 100] 


PROGRAM 8.3 | Consider a list with five different Celsius values. Convert all the Celsius values into Fahrenheit. 


print (“All the elements with Celsius Value:”) 

jpeaineg (“Calelms= “incl” )) 

Gal silvis= |Lo0),, 20), sil. 3,,Z40),, 39). 2) #List with Celsius Value 
print (Celsius) 

print(“ Celsius to Fahrenheit Conversion “) 

jouealione (“inevaucteialnealic = ™, eiaycl=””)) 

Fahrenheit=[ ((float(9)/5)*x + 32) for x in Celsius] 
print (Fahrenheit) 


Output 


All the elements with Celsius Value: 
Celsivs= (10, 20, Bisa, 40, 39.2) 

Celsius to Fahrenheit Conversion 
imelaiccimldcuic = (50.0, 68.0, SE34, 10450, 102,56] 


Note: Formula to convert Celsius values into Fahrenheit. 
Fahrenheit = (9/5) * Celsius + 32 


Consider the list with mixed type of elements, such as L1 = [1/x’,4,5.6/z', 9, ‘a’, 0, 4]. Create 
another list using list comprehension which consists of only the integer element present within 
the list L1. 


PROGRAM 8.4 
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print (“List With Mixed Elements”) 
Ieee Pap eee Se Gy Poa Se SE 0 Ah 


print (L1) 

print (“List With only Integer Elements:”) 
ne = | S& iow @ aim il aie jeyoe(S) S= ainic] 
print (L2) 

Output 


List With Mixed Elements 

[le exist eb Gr M7 St mous oOp me A 
List With only Integer Elements: 
Diep 4 9), Ol 44 


8.10 LIST METHODS 


Once a list is created, we can use the methods of the list class to manipulate the list. Table 8.2 
contains the methods of the list class along with examples. 


Table 8.2 Methods of list along with example 


Methods of List Meaning 

None append(object x) Adds an element x to the end of 

Prana the list. None is the return type 
ee of method appended. 


SSS Inslsieds [MK 4 vA" | 

>>> Listl 

ERED SNE a AY 

>>> Listl.append(‘A’) #Append element ‘A’ to the end 
of the List1l 

>>> Listl 

[eee ee re re aR 


Note: Append method is equivalent to doing: 
List1[len(List1) :]=[Element_Name] 


Example: 

>>>Listi=[“Red” ,”Blue” ,”Pink”] 
>>> Listl 

ESiecl?,, “Eulbie? “satiate? 

>>> Listl[len(List1) :]=[‘Yellow’] 
>>> Listl 

[‘Red’, ‘Blue’, ‘Pink’, ‘Yellow’] 


(Contd.) 


None clear() Removes all the items from the 
Example: list. 

>>> Listl=[“Red”, “Blue”, “Pink”] 

>>> Listl 

[‘Red’, ‘Blue’, ‘Pink’] 

>>> Listl.clear() # Removes all the element of List 

>>> Listl # Returns Empty List after 


removing all elements 

C] 

int count(object x) Returns the number of times the 
Example: element x appears in the list. 

Ss Minsbysiie a yee, alee AGMA AY ee Be yA | 

>>> Listl 

[are coe PB ae ym Shane | 

#Count the number of times the element ‘A’ has 

appeared in the list 


>>> Listl.count (‘A’) 


2 # Thus, ‘A’ has appeared 2 times in Listl 
List copy() This method returns a shallow 
Example: copy of the list. 


>>> Listl=[“Red”,”Blue”,”Pink”] 


>>> Listl 


[‘Red’, ‘Blue’, ‘Pink’] 
>>> List2=Listl.copy() # Copy the contents of Listl 
to List2 


>>> List2 

[‘Red’, ‘Blue’, ‘Pink’] 

Note: Copy() Method is equivalent to doing 

List2=List1i[:] # Copies the content of Listl1 to List2 


Example: 
>>> Listl=[‘“Red”,”Blue”,”Pink”] 


>>> List2=List1[:] 


>>> List2 


[‘Red’, ‘Blue’, ‘Pink’] 
None extend(list L2) Appends all the elements of list 
Example: L2 to the list. 


SHS inieicils [i,2, 3 
>>> List2= [4,5,6] 
>>> Listl 
[sty By 3) 


(Contd.) 
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IZ, By Gl 
Listl.extend (List2) 
List2 to Listl 


Listl 
i, By By 2, By Gl 


int index(object x) 


#Appends all the elements 


Example: 

>>> Listl=[‘A’,’B’,'C’,’B’,'D’,’A‘] 
>>> Listl 

Daeg SB ety. SB MBS Mae] 


#Returns the index of first occurrence of element 
‘B’ from the listl 


>>> Listl.index('‘B’) 

ai #Returns the index of element B 
None insert(int index,Object xX) 
Example: 

SSS ins (10,20, 30,40,60]| 

>>> Lisl 

ILO, ZO, 30, 20, SO) 


>>> Lisl.insert (4,50) #Insert Element 50 at index 4 


Lisl 
20; 


>>> 
LO, 
Object pop(i) 

Example: 
Lisl=[10,20,30,40,60] 
Lisl 

20.7. -30;- 40, 
Lisl.pop (1) 
index 1. 

20 


30, 40, SO; GO| 


>>> 
>>> 
[10, 


>>> 


60] 


# Remove the element which is at 


>>> Lisl # Display List after removing the 


element from index 1. 


[10, 30, 40, 60] 

>>> Lisl.pop() # Remove the last element from the 
list 

60 

>>> Lisl 

[10, 30, 40] #Display the list after removing last 
element 


Returns the index of the first 
occurrence of the element x from 
the list. 


Insert the element at a given 
index. 

Note: The index of the first 
element of a list is always zero. 


Removes the element from the 
given position. Also, it returns 
the removed element. 

Note: The parameter i is optional. 
If it is not specified then it 
removes the last element from 
the list. 


(Contd.) 


None remove(object x) Removes the first occurrence of 
Example: element x from the list. 

Sot site [VAC aera Cue ne ere re)) ea aR | 

>>> Listl 

RU Varad water baie Cm vio atcha 

>>> List1.remove(‘B’)#Removes the first occurrence 

of element B 


>>> Listl 

[RYeAY = OES VB SID eae 

None reverse() Reverses the element of the list. 
Example: 


>>> List1l=[‘A’,’B’,'’C’,'B’,'D',‘] 


(ea 


"7 
>>> List 
[tA SB, TC4, SBE, ADL OEY] 

>>> Listl.reverse() # Reverse all the elements of 
the list. 


>>> Listl 


[AEs “Diy ‘B', SCs ‘BY; AE] 


None sort() Sort the elements of list. 
Example: 


Ss lacs teak a [EGU ea ae el) Cp | 

>>> Listl 

[EG SR SA ge Oe eB a] #Unsorted List 
>>> Listl1.sort () 


>>> Listl #Sorted List 
[ENAe? “Teh! SGys Soran ‘G’] 


Q. What will be the output of the following program? 
my list = [‘two’, 5, [‘one’, 2]] 
print (len(my_list) ) 


Output 


3 


Explanation [‘one’2] is one element so the overall length is 3. 


Q. What will be the output of the following program? 
Mixed List=[‘pet’ , ‘dog’ ,5, ‘cat’, ‘good’,’dog’] 


Mixed _List.count (‘dog’) 


Output 


2 
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Explanation It returns the number of occurrence of “dog” in the list. 


Q. What will be the output of the following program? 
Mylist=[‘Red’ ,3] 
Mylist.extend(‘Green’ ) 
print (Mylist) 
Output 


[‘Red’, 3:4 ‘Gh, Meh ‘e’, ‘e’, ‘n’] 
Explanation Extend the list by adding each character to it. 


Q. What will be the output of the following program? 
Mylist=[3,’Roses’,2,’ Chocolate ‘] 
Mylist.remove (3) 
Mylist 


Output 


[‘Roses’, 2, ‘Chocolate’ ] 


Explanation Remove the item from the list whose value is 3. 


8.11. LIST AND STRINGS 


A String is a sequence of characters and list is sequence of values, but a list of characters is not the 
same as string. To convert from string to a list of character, you can use list. 


Example: Convert String to list of Characters 


>>> p=’ Python’ 
>>> p 

‘Python’ 

>>> L=list (p) 


>>> hl 


pr, Lye VEL, the; Lo, me] 


8.12 SPLITTING A STRING IN LIST 


In the above example, we have used the inbuilt function list. The list() function breaks a string 
into individual letters. In this section, we will explore how to split a string into words. 


The str class contains the split method and is used to split a string into words. 


Example 

>>> A="Wow!!! I Love Python Programming” #A Complete String 
>>> B=A.split () # Split a String into Words 

>>> B #Print the contents of B 

[‘Wow!!!'’, ‘I’, ‘Love’, ‘Python’, ‘Programming’ ] 


Explanation In the above example, we have initialised string to A as “Wow!!! I Love Python 
Programming”. In the next line, the statement, B = A.split() is used to split “Wow!!! I Love Python 
Programming” into the list [‘Wow!!", ‘T, ‘Love’, ‘Python’, ‘Programming’]. 


To) Note: In the above program, we have used the following two lines to split string into words: 
>>> A="Wow!!! I Love Python Programming” 
>>> B=A.split () 


We can also write the split method as 


>>> A="Wow!!! I Love Python Programming” .split () 


It is fine to split a string without a delimiter. But what if the string contains the delimiter? A 
string containing a delimiter can be split into words by removing the delimiter. It is also possible 
to remove the delimiter from the string and convert the entire string into a list of words. In order to 
remove the delimiter, the split() method has a parameter called split(delimiter). The parameter 
delimiter specifies the character to be removed from the string. The following example illustrates 
the use of a delimiter inside the split() method. 


Example 


>>> P="My-Data-of-Birth-03-June-1991” # String with Delimiter ‘-* 

>>> P # Print the Entire String 
‘My-Data-of-Birth-03-June-1991' 

>>> P.split('‘-’) #Remove the delimiter ‘-* using split method. 
[‘My’, ‘Data’, ‘of’, ‘Birth’, ‘03’, ‘dune’, ‘1991'] 


8.13 PASSING LIST TO A FUNCTION 


As list is a mutable object. A programmer can pass a list to a function and can perform various 
operations on it. We can change the contents of a list after passing it to a function. Since a list is an 
object, passing a list to a function is just like passing an object to a function. 


Consider the following example to print the contents of a list after the list is passed to a function. 


PROGRAM 8.5 oink list of 5 elements. Pass the list to a function and print the contents of the list inside the 


def Print List (Lst): 


for num in lst: 


(Contd.) 
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joxealiole (akin, Eiacla” “)} 
Lst=[10,20,30,40,100] 
Print List (Lst) # Invoke Function by Passing List as Parameter 


Output 


ALO) ZO) 530) 4E(0) ALON) 


PROGRAM 8.6 | Create a list of five elements. Pass the list to a function and compute the average of five numbers. 


def Calculate Avg(Lst): 
jonealinie (“Sic “, iste) 


jouealinve (“ Stun = ~ ,, Siumin (LSE) ) 
avg=sum(Lst) /len(Lst) 
print (‘ Average = ‘,avg) 
Lst=[10,20,30,40,3] 
Calculate Avg(Lst) 


Output 


Instc= [1lO, 20, 30, 40, 3] 
Sim = iL@s 
Average = 20.6 


PROGRAM 8.7 bee sea Split_List(Lst,n), where list Lst is split into two parts and the length of the first part 


Lst = [1,2,3,4,5,6] 
Split_List(Lst,2) 
Lstl=[1,2] 
Lst2=[3,4,5,6] 


def Split List (Lst,n) 
Iakgiei, = IbysKe || gia] 
list2 = Lst[n:] 
(‘First List with ‘,n,’ elements’) 
print (list1) 
print (‘Second List with ‘,len(Lst)-n,’ elements ‘) 
( 


print 


print (list2) 
#Sample test: 
Lge = (100,97, 52,435,564] 
print (‘List Lst Before Splitting’ ) 


(Contd.) 


print (Lst) 
Split List (Lst, 4) 


Output 


List Lst Before Splitting 
LOG, Be, BA, as, Bil, G4 
First List with 4 elements 
[LOO, QB, BH, 413] 

Second List with 2 elements 
Sab, 64!) 


8.14 RETURNING LIST FROM A FUNCTION 


We can pass a list while invoking a function. Similarly, a function can return a list. When a function 


returns a list, the list’s reference value is returned. 


Consider the following example to pass a list to a function. After passing, reverse the elements 


of the list and return the list. 


PROGRAM 8.8 } Write a program to pass a list to function 


def Reverse List (Lst) : 


print (‘List Before Reversing = ‘,Lst) 


return Lst # Return List 
Iete= (10, 20, 20,40, 31] 


Output 


Ibplisic ENeicehe Iehenesline) = (3, 40, 30, 2O, WO]| 


Lst.reverse () # The reverse() to reverse the contents of list 


print (‘List after Reversing = ‘,Reverse List (Lst) ) 


Ip Sic Welton NEVES; = [l0, BO, 20, 40, 2] 


PROGRAM 8.9 Write a function that accepts a positive integer k and returns a list that contains the first five 


multiples of k. 
The first five multiples of 3 are 3, 6, 9, 12, and 15. 


def list of multiples (kk): 
my list=[] 
for i in range(1,6): 


res=k*i 


my_list.append (res) 


(Contd.) 
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return my list 
print (list_of multiples (3) ) 


Output 


Some More Programs on List 


PROGRAM 8.10 Write a function that accepts two positive integers, viz and b and returns a list of all the even 
numbers between a and b (including a and not including b). 


Even numbers between 10 and 20. 


[10,12,14,16,18] 


def list _of even_numbers (start, end): 
Cwiejowic Maisie = 


for number in range(start, end): 


# check if the number is even 
if number % 2 == 
# if true put the numbers in the output list 
output_list.append (number) 
return output_list 


print (list_of even _numbers(10, 20)) 


Output 


to), a, Da, 1, aL] 


PROGRAM 8.11 Write a function is_Lst Palindrome(Lst) to check whether a list is palindrome. It should return True 
if Lst is palindrome and False if Lst is not palindrome. 


© Note: List is palindrome if it contains the same elements in forward direction & reverse direction. 


Lst = [1,2,3,2,1] #Should return true 
Lst = [1,2,3] #Should return false. 


def is Lst_Palindrome(Lst) : 
if = Ise |/3e=i] 
ies al alin eine (0, (lkera (mete) 4: SL) 7/2) es 
ase G2 (51 ]] QS iysie [fall] 2 
return False 


return True 


(Contd.) 


#Sample test 
ig = ll, 2.3,2,1) 
x = is _Lst_Palindrome(Lst) 
jouealinve (lise, (( ais joeiilalravchzeiS)) ¢ 5%) 
Isicik =: |til,A, 3,44) 
x = is Lst_Palindrome(Lst1) 

( 


print (Lst1,” (is palindrome): “,x) 


Output 


{l, 2, 3, 2, 2) | as joadatachaome)) 2s Wrwe 
[1, 2, 3, 4] (is palindrome): False 


PROGRAM 8.12 Write a function check_duplicate(Lst) which returns True if a list Lst contains duplicate elements. 
It should return False, if all the elements in the list Lst are unique. 


Lst = [4,6,2,1,6,7,4] 

# Should return true as 4 and 6 appears more than once. 
Lst = [1,2,3,12,4] 

# Should return false as all the elements appears only once. 


def check duplicate (Lst) 
Giese = [f 
iene al Glial Ibsie 3 
Wie al iaoie aia Chuyo) Ikisic 3 
dup_Lst.append (i) 
else: 
Be Estee rauS 
return False 
#Sample test: 
Inge = 4, 6,2, 1,6, 7 A 
print (Lst) 
x = check duplicate (Lst) 
print (x) 
Injsicdk =. [lil p~ A, Sala Al 
print (Lst1) 
x = check duplicate (Lst1) 


print (x) 


Output 


IZ, 8, By ty Cy Vy 4 
True # Returns true since 4 and 6 is repeated twice 


(Contd.) 
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#Returns false since no element from above list is repeated twice 


PROGRAM 8.13 Write a program that prompts a user to enter the element of a list and add the element to a list. 
y Write a function maximum(Lst) and minimum(Lst) to find the maximum and minimum 
number from the list. 


Lst = [ 12,34,45,77] 


#Should return 12 as Minimum and 77 as Maximum. 


isc = |i 
for i in range(0,4): 
Se = ahayeieie (“iimieeue Gileniemic ico evelcl tee iclave ilasics” )} 
3 = alialie: (Se) 
lst .append (x) 
print (‘Elements of List are as follows:’) 
print (1st) 
def maximum(lst) : 
myMax = lst [0] 
for num in lst: 
if myMax < num: 
myMax = num 


return myMax 


def minimum(lst) : 
myMin = lst [0] 
cps sayy ali Jlsie: 
if myMin > num: 
myMin = num 


return myMin 


#Sample test 

y = maximum(lst) 

print (‘Maximum Element from List = ‘,y) 
y = minimum(lst) 


print (‘Minimum Element from the List = ‘,y) 


Output 


Enter element to add to the 
Enter element to add to the 


list:665 
list:234 


(Contd.) 


Enter element to add to the list:213 
Enter element to add to the list:908 
Elements of List are as follows: 
Kes, Bl, ails, Os] 


Maximum Element from List = 908 


Minimum Element from the List = 213 


Write a function Assign_grade(Lst) which reads the marks of a student from a list and 
assigns a grade based on the following conditions: 


if Marks >=90 then grade A 
if Marks >=80 && <90 then grade B 
if Marks >65 && < 80 then grade C 
if Marks > =40 && <=65 then grade D 
if Marks <40 then grade F 
Consider the List of Marks of a 5 Student in English Subject. 
Lst=[78,90,34,56,89] 
#Should return 
Student 1 Marks 78 grade C 
Student 2 Marks 90 grade A 
Student 3 Marks 34 grade F 
Student 4 Marks 56 grade D 
Student 5 Marks 89 grade B 


PROGRAM 8.14 


def Assign grade (Lst) : 
for Marks in Lst 
if Marks >= 90: 
print (‘Student’,Lst.index(Marks) + 1,’Marks =’,Marks,’ grade A’) 
elif Marks >=80 and Marks<90: 
print (‘Student’ ,Lst.index(Marks)+ 1,’Marks =’,Marks,’ grade B’) 
elif Marks >65 and Marks< 80 
print (‘Student’ ,Lst.index(Marks)+ 1,’Marks =’,Marks,’ grade C’) 
elif Marks >=40 and Marks<=65: 
print (‘Student’ ,Lst.index(Marks)+ 1,’Marks =’,Marks,’ grade D’) 
else: 
print (‘Student’ ,Lst.index(Marks)+ 1,’Marks =’,Marks,’ grade F’) 
#Sample test 
Lst=[78,90,34,56,89] 


(Contd.) 
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joneuliane (( lemels} Cie 5) Siexeleiaie = “ /ibysic)) 
Assign grade (Lst) 


Output 


Marks of 5 Student = [78, 9 
Student 
Student Marks = 90 grade 


O, 34, BG, BS) 

il e 

2 A 

Student 3 Marks = 34 grade F 
4 D 

5) B 


Marks = 78 grade 


Student 
Student 


Marks = 56 grade 


Marks = 89 grade 


Write a function check_duplicate(Lst) which returns True if a list Lst contains duplicate elements. 
PROGRAM 8.15 It should return False if all the elements in the list Lst are unique. 


Lst = [4,6,2,1,6,7,4] 


# Should return true as 4 and 6 appears more than once. 
Lst = [1,2,3,12,4] 


# Should return false as all the elements appears only once. 


def check duplicate (Lst) 
Glbi) insite = {f] 
ic@ne al Siiah ISS 
LIE al iOVE alia CkUho) Ibshe 3 
dup_Lst.append (i) 
else: 
ie(Sewligial Are WS 


return False 


#Sample test: 

Lee = [4,6,2, pO, 7,4) 
print (Lst) 

x = check duplicate (Lst) 
print (x) 

psc = [lle 3, ke ,4) 

print (Lst1) 

=] Clasels ChujpluceieS (use il) 


print (x) 


(Contd.) 


IA, G; By ty Cy, Vp “I 
True # Returns true since 4 and 6 is repeated twice 
ti Sl lee Zl 


False #Returns false since no element from above list is repeated twice 


PROGRAM 8.16 | Write a function print_reverse(Lst) to reverse the elements of a list. 


@ Note: Reverse the contents of a list without using the reverse() method of a list and without using 
slicing. 


Lst=[12,23,4,5] 
# Should reverse the contents of list as follows 
Lst=[5,4,23,12] 


def print_reverse(Lst) : 
print (‘List Before Reversing’ ) 
print (Lst) 
gic = 
Cowie = i 
for i in range(0,len(Lst) ): 
lst .append(Lst [len (Lst) -count] ) 
County — sel 
sie = sew (lene) 
gig S YY . salina (alse) 
return lst 
#Sample test: 
IMNsic= LD, 23,4, 5, i, A 
x = print reverse (List) 
print (‘List After Reversing’ ) 
print (x) 


Output 


List Before Reversing 
ale “ack a oye aks S)| 
List After Reversing 
eee la ee Aish al| 


PROGRAM 8.17 Write a function that accepts two positive integers a and b (a is smaller than b) and returns a list 
““" 7 that contains all the odd numbers between a and b (including a and including b if applicable) 
in descending order. 
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Odd numbers between 10 and 20 should create the list and print the list in descending order as follows 
[19, 17, 15, 13, 11] 


Gleie lsisic_oue_eclel_ innings) (Siceueic,, exavel)) g 
Gwieyowre ilasie = [L] 
for number in range(start, end+1): 
# check if the number is odd 
if number % 2 == 
# if true put the numbers in the output list 
output_list.append (number) 
# Sort the List 
output _list.sort () 
# Reverse the list to displat elements in descending order 
output_list.reverse () 
return output_list 
print (list_of odd_numbers(10, 20)) 


Output 


FES)» ALM ANS), abby. akab] 


PROGRAM 8.18 | Write a program to return prime numbers from a list. 


Insel (3, i7,9,2,4, 8, 97,43, 39] 
jouealiote (“ibuieiei= “ , wslfsye i) 
gic = |b) 
print (‘Prime Numbers from the List are as Follows:’) 
ice —\ aliol Ibalisne dl 
prime = True 


ioe al aligl aetelovere (2, 2) 3 


ise (agi == ©) s 
prime = False 
break 

if prime: 


lst .append (a) 
print (1st) 


Output 


inicicil= |, ie, S, 2, 4, G, Sr, 43, Fo 
Prime Numbers from the List are as Follows: 
IS, 22, 2B, Oi, Bal 


Js SUMMARY 


¢ A list is a sequence of zero or more elements. 

¢ The element within a list can be of any data type. 

¢ List is a mutable kind of data structure. 

¢ A list can be initialised in different ways, viz. with and without using constructor lists. 

¢ The index operator is used to access the elements of a list. 

¢ The negative index accesses elements from the end of a list by counting in backward direction. 
¢ The slicing operator and the list slicing with step size operator return a subset of a list. 

¢ Various inbuilt functions can be used with lists. 

¢ The for loop can be used to traverse the elements of a list. 


¢ List comprehension can be used to create a new list from existing sequences. It is a tool for transforming 
a given list into another list. 


¢ Methods such as copy, reverse and sort can be used to copy, reverse and sort the elements of a list. 


« Methods such as append(), extend(), insert() are used to insert the elements within the list 
whereas methods such as pop(), and remove() are used to remove the contents from the list 


¢ Proficiency in a list is impossible unless the unanswered problems are taken up for solving. 


oe KEY TERMS 


The index[] Operator: Accesses elements of a list 

List Slicing: Returns a subset of a list 

List Comprehensions: Creates a new list from an existing list 

The split() Method: Splits a string into words 

The List Inbuilt Method: min(), max(), shuffle(), len() and sum() 
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<s REVIEW QUESTIONS 


A. Multiple Choice Questions 
1. Given: List = ['a’’b’’c’’d’]. 
What will be the output of the following statement? 


Listl = [x for x in Listl if ord(x) > 97] 
print (List1) 


a. [fa’’b’/c’] b. ['b’’c’d’] 
c. [/a’’b’’c’/d’] d. None of the above 
2. Consider the list, L = ['a’’b’’c’'d’’e,'f/'2'h'i,j']. Which one of the following outputs is correct? 
a. >>> L[0::3] b. >>> L[0:-1] 
[‘a’, ‘c’, ‘f, 4] ‘a’, “b’, ‘c’, ‘d’, ’e’, “f,, ‘2’, “h’, 7] 


c. >>> L[0:2] d. None of the above 
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[a ’b, C1 
3. Consider the list L1 containing the elements L1= [1, 2, 3]. 
What will be the output of the following statement? 
Ll = L1 + [4, 5, 6] 


a. L1 =[1,2,3,5,7,9] b. L1 =[4,5,6] 
c. Li =[5,7,9] d. L1 =[1,2,3,4,5,6] 
4, What will be the output of the following statement? 
Listl = [[n, n +1, n+ 2] for n in range(0, 3)] 
a. [0,1, 2] b. [[0, 1, 2],[0,1,2],[0,1,2]] 
c. [[0, 1 ,2],[1, 2, 3],[2, 3, 4]] d. [[0, 1 ,2],[2, 3, 4][4, 5, 6] 
5. What will be the output of the following statement? 
>>> string = ‘DONALD TRUMPH’ 
>>> k = [print(i) for i in string if i not in “aeiou”] 


>>> print (k) 


a. DONALD TRUMPH b. DNLD TRMPH 
c. DNLD d. None of the above 
6. What will be the output of the following program? 
def funcl(L): 
L[0O]=’A’ 
L1=[1,2,3] 
funet (h1) 
print (L1) 


a. [12,3] 
c. ['A%1,2] 
7. What will be the output of the following statement? 
>>> L1=[‘A’,'B’,3,4,5] 
>>> L1[::-1] 
>>> print (L1) 


[1,AY’2’] 


b. 
d. [A172] 


a. [5,4,3,'B’/A’] b. ['A’’B’,3,4,5] 
c. ['A’3, 5] d. [5,3,/A’] 
8. How will a new element be added to the empty list L1? 
a. Ll.append(10) b. Li.add(10) 
c. Li.appendLast(10) d. Ll.addLast(10) 
9. What will be the output of the following program? 
list1=[10,30] 
list2 = listl 
list1[0] = 40 
print (list2) 


a. 10,30 b. 40,30 
c. 10,40 d. 30, 40 


10. Listl = [‘A’’B’’C’] and List2 = [‘B’’A’’C’] 
Is Listl == List2? 
a. Yes c. Cannot predict 
b. No d. None of the above 


B. True or False 


The list() is used to create an empty list. 

The range() is used for creating a list with elements from 0 to 5. 
A list can be created without using a constructor. 

The elements of a list are not identified by their positions. 

The negative index accesses elements from the start of a list. 
List1[-1] accesses the first element of a list. 


SITS OER Qc 


L1[2:5] returns all the elements stored between the index 2 and the one less than the end index, i.e. 5-1 
=4, 
8. It is possible to access the elements of a list only in sequence. 
9. The len() returns a number of elements in a list. 
10. The sum() returns the sum of all the elements in a list. 
11. It is impossible to shuffle elements randomly in a list. 
12. The concatenation operator ‘+’ is used to join two lists. 
13. The multiplication operator * is used to replicate the elements in a list. 
14. The del operator is used to remove a specific element from a list. 
15. Odd elements of a list can be displayed using list comprehension. 
16. One can insert an element at a given index. 
17. The pop(1) removes an element from a list which is at index 1. 
18. The pop() removes the last element from a list. 
19. A string is a sequence of characters. 
20. A programmer can pass a list to a function and perform various operations. 


C. Exercise Questions 


How is a list created? 

Explain the different ways to create a list with suitable examples. 
What is meant by slicing operation? 

What is the benefit of step size in a list? 

Explain the supporting inbuilt functions used to create lists. 

List and clarify the operators supporting lists. 

What is the use of the ‘is’ operator in Python? 

Which operator is used to delete elements from a list? 


SOP 198 SNTs ON OT RS 9) PS) eS 


What application is used for list comprehension? 


RR 
S 


What facilitates counting of similar elements in a list? 


ray 
any 


. How are elements of a list reversed? 


RP 
N 


How is a string converted into characters? 


—_ 
» 


How is an empty list and list with five integers, i.e. 10, 15, 30, 50 and 40 created? 
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14. Given: Listl = [/a’,’b’’c’/d’’e’] and List2= [1, 2, 3]. What is the return value of each of the following 


statements? 
a. ice b. Listl+List2 
c. List2*2 d. 2*List2 
15. Given: List1 = [100,200,400,500]. What is the return value of the following statements? 
a. min(List1) b. max(List1) 
c. sum(List1) d.) List.count(400) 


e. Listl.count(100)+List1.count(200) 
16. Given: Listl = [12, 23, 45, 23]. What is the return value of the following statements? 
a. Listl*Listl.count(23) b. List1+List1[:] 
c. Listl+List1[-1:] d. List1+List1[::] 
e. Listl+List1[::-1] 
17. Given: List Lst = [10,23,5,56,78,90]. Evaluate the following expressions. 


a. Lst[:] b. Lst[0:4] 
c. Lst[:-1] d. Lst[-1:] 
e. Lst[-1] f. Lst[::-1] 
g. Lst[:-1:] h. Lst[:-2:] 
18. Given: List1= [12, 45, 7, 89, 90]. What is the return value of the following statements? 
a. Listl.reverse() b. Listl.sort() 
c. Listl.appned(10) d. List.pop(2) 


e. Listl.clear() 
19. What is the error in the following program? 
Lists [at ;,*b*, "er .6ar] 
List2=[]+Listl 
List1[1]='£’ 
print (List1*List2) 
print (List2) 


20. Write a program to pass a list to a function and return it in the reverse order. 


PROGRAMMING ASSIGNMENTS 


1. Write the function Replicate_n_times(Lst,n) to replicate the elements of a list n times, i.e. to 
replicate the elements of a list for a given number of times. 


Example: 

Lst = [1, 2, 3, 4] 

Replicate _n time(Lst,2) 

Lst = [1,1,2,2,3,3,4,4] 

2. Write a program to count the occurrences of each element within a list. 


Example: 
Tists 7-001 235.0% (9900.0 7234 
1 occurs 1 time 


(Contd.) 


PROGRAMMING ASSIGNMENTS (Contd.) 


23 occurs 2 times 


0 occurs 2 times 
9 occurs 1 times 


. Write the function remove_negative(Lst) to remove the negative elements and return the 
positive elements from a list. 


Example: 

LS v=([Psty..0:,.2:.-4.,02) 

#Should return list with positive elements 
Lst = [ 0,2,12] 

. Write a program to duplicate all the elements of a list. 
Example: 

Lst=[1,2,3] 

#Should return 

Lst= [144,257.24 34:3] 


. Write a program to check if an element of a list is a prime number. If it is prime, return True 
or else return False. 


Example: 
List1=[3,17,9,2,4,8] 
#Should display 
Lsiti=[True, True, False, False, False, False] 
. Write the function remove_first_last(list) to remove the first and last element from a list. 
Example: 
List1=[10,20,30,40,50] 
removeFirstAndLast (Lis1) 
#should return 
[20, 30, 40] 
. Write a function Extract_Even(List) to return all even numbers from a list. 
Example: 
Listi=[1,2,3,4,5,6] 
Extract_Even(List1) 
#should return 
{2,4,6] 


List Processing: Searching 
and Sorting 


CHAPTER OUTLINE 


9.1 Introduction 9.3 Introduction to Sorting 
9.2 Searching Techniques 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
¢ Develop applications based on different searching and sorting techniques 
e Explain the importance of information retrieval 


¢ Perform program implementation on linear/sequential search method and analysis of sequential 
search method 


¢ Search an element from a list using binary search 


¢ Sort the elements of a list using different sorting techniques, such as bubble sort, selection sort, quick 
sort, insertion and merge sort 


9.1 INTRODUCTION 


Numerous applications are available today to search and sort objects or items. For example, many 
a times, official files or list of meritorious students based on marks are stored alphabetically and 
sorted in a descending order. Thereby, making it easier to search for a specific item from the sorted 
list. A common and time-consuming task is retrieval of information from large data sets, which 
requires extensive research. A computer can easily manage this task. It can store everything from 
a small collection of personal data, phonebook information, photo catalogue to more detailed 
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financial records, information of employees, medical records, etc. Computers are widely used to 
search information, music, movies, readings etc. A computer rearranges the searched information 
to make it easier for a user to sort what he/she needs. For example, sorting a list of contacts by name 
or sorting a list of movies in an alphabetical order or arranging a list of files in increasing order of 
size etc. To be able to perform all such activities, two fundamental operations, viz. searching and 
sorting are needed. 


9.2 SEARCHING TECHNIQUES 


Searching is a technique of quickly finding a specific item from a given list of items, such as a 
number in a telephone directory. Each record has one or more fields such as name, address and 
number. Among the existing fields, the field used to distinguish records is called the key. Imagine 
a situation where you are trying to find the number of a friend. If you try to locate the record 
corresponding to the name of your friend, the ‘name’ will act as the key. Sometimes there can 
be various mobile numbers allotted to the same name. Therefore, the selection of the key plays 
a major role in defining the search algorithm. If the key is unique, the records are also identified 
uniquely. For example, mobile number can be used as the key to search for the mobile number of 
a specific person. If the search results in locating the desired record then the search is said to be 
successful, else the search is said to be unsuccessful. Depending on way the information is stored 
for searching a particular record, search techniques are categorised as: 

(a) Linear or sequential search 

(b) Binary search 


These search techniques are explained in detail in this chapter. 


9.2.1. Linear/Sequential Search 


In linear search, elements are examined sequentially starting from the first element. Element to be 
searched, i.e. the (key element), is compared sequentially with each element in a list. The search 
process terminates when the element to be searched, i.e. the key element, matches with the element 
present in the list or the list is exhausted without a match being found in it. If the element to be 
searched is found within the list, the linear search returns the index of the matching element. If the 
element is not found, the search returns -1. 


PROGRAM 9.1 | Write a program to search an element from a list. 


def Linear Search(My List,key) : 
for i in range(len(My List)): 
if (My List [i] ==key) : 
#print (key,”is found at index”,i) 
return i 
break 
iiewleal = iL 
Why Iba sie= (12,233,415, 87, 89)| 


(Contd.) 
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print (“Contents of List are as follows:”) 
print (My_ List) 
key= (int (input (“Enter the number to be searched:”) ) ) 
Li=Linear Search (My List,key) 
abié (ii == a1) 2 

print (key ,” is found at position” ,L1+1) 
else: 

print (key,” is not present in the List”) 


Output 


#Test Case 1 

Contents of List are as follows: 
LA, 2a, Asp CY, BS) 

Enter the number to be searched:23 
23 is found at position 2 

#Test Case 2 

Contents of List are as follows: 
[La 23, 4S, Gr, 39) 

Enter the number to be searched:65 
65 is not present in the List 


Explanation In the above program, we have defined the function called Linear _ Search(). 
The list and element to be searched, i.e. the key, is passed to the function. The comparison starts 
from the first element of the list. The comparison goes on sequentially till the key element matches 
the element present within the list or the list is exhausted without a match being found. 


Unordered List— Analysis of Sequential Search 


Table 9.1 shows that the analysis has been made with respect to the unordered list, i.e. if the content 
of the list is not in any order, either ascending or descending. 


Table 9.1 Sequential search analysis in an unordered list 


Case Best Case Worst Case Average Case 
Element is present in the list 1 N N/2 
Element is not present in the list N N N 


Sorted List— Analysis of Sequential Search 


Expected number of comparisons required for an unsuccessful search can be reduced if the list is 
sorted. 
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Example 


List1[] = 10 15 20 25 50 60 70 80 


Element to be searched = al 
Search should terminate here. 


Assuming the elements are stored in an ascending order, the search should terminate as soon as 
the value of the element in the list is greater than value of the element (key) to be searched or the 
key (element to be searched) is found (Table 9.2). 


Table 9.2 Sequential search analysis on a sorted list 


Best Case Worst Case Average Case 
Element is present in the list 1 N N/2 
Element is not present in the list 1 N N/2 


9.2.2 The Binary Search 


In the previous section, we learnt linear search algorithm. Linear search is convenient for a small 
list. What happens if the size of a list is large? Let us consider the size of the list is 1 Million (2”). 
So, if we want to search using a sequential search algorithm then in the worst case we require 2”° 
comparisons. This means that a sequential search algorithm is not suitable for a large list. Thus, 
we require more efficient algorithms. In this section, we will explore how binary search is a simple 
and efficient algorithm. 

For binary search, the elements in a list must be in a sorted order. Let us consider the list is in 
ascending order. The binary search compares the element to be searched, i.e. the key element with 
the element in the middle of the list. The binary search algorithm is based on the following three 
conditions: 

1. If the key is less than the list’s middle element then a programmer has to search only in the 

first half of the list. 

2. If the key is greater than the list’s middle element then a programmer has to search only in 

the second half of the list. 

3. If the element to be found, i.e. the key element is equal to the middle element in the list then 

the search ends. 

4. If the element to be found is not present within the list then the it returns None or -1 which 

indicates the element to be searched is not present in the list. 


Example of Binary Search 


Consider the sorted list of 10 integers given below. 
10 18 19 20 25 28 48 55 62 70 
Element to be searched = 48 
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Iteration 1 


Index 0 1 2 3 4 5 6 7 8 9 
Element of List 10 18 19 20 25 28 48 55 62 70 


Low=0 Mid=4 High=9 
Mid = (Low + High)/2 
= (0+ 9)/2 
=4 
Now we will compare the middle element which is 25 with the element that we want to search, 
Le. 48. 
Since 48>25, 
we will eliminate the first half of the list and we will search again in the second half of the list. 
Now, 
Low = Mid+1=4+1=5#Change the Position of Low 
High = 9 # High will remain as earlier. 


Iteration 2 


Index 0 1 2 3 4 5 6 7 8 9 
Element of List 10 18 19 20 25 28 48 55 62 70 


Low=5 Mid=7 High=9 
Mid = (Low +High)/2 
=(5+9)/2 
=7 
Now we will compare the middle element which is 55 with element we want to search, i.e. 48. 
Since 48 < 55, 
we will search the element in the left half of the list. 
Now, 
Low = 5 #It will remain as it is. 
High = Mid-1 = 71 #Change the Position of High 
=6 
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Iteration 3 


Index 


Element of List 10 


9 
18 19 20 25 28 48 55 62 70 
Low=5 High=6 
Mid=5 
Mid = (Low +High)/2 
= (5+ 6)/2 
=5 
Now we will compare the middle element which is 28 with the element we want to search, i.e 
48. 
Since 28 < 48, 
we will search the element in the right portion of the mid of the list. 
Now, 
Low = mid+l = 6 #Change the Position of Low 
High = 6 #High will remain as it is. 
Iteration 4 
Index 0 1 2 3 4 5 6 7 8 9 
Element of List 10 18 19 20 25 28 48 55 62 


| 


Low=6 High= Mid=6 
Mid = (Low + High)/2 
=6 
Now we will compare the middle element which is 48 with the element we want to search, i.e. 
48. 


Since 48=48, the number is found at index position 6. 
PROGRAM 9.2 } Write a program for binary search. 


def Binary Search (MyList,key) : 
low=0 


high=len (MyList) -1 
while low<=high: 


(Contd.) 
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mid=(low+high)//2 #Find the middle index 
if MyList [mid]==key: If key matches the mid index element 
return mid #I£ so return index 
elif key>MyList [mid]: # else if key is greater 
low=mid+1 
else: 
high=mid-1 
geet il #I£ no match return -1 
MyList=[10,20,30,34,56,78,89,90] 
print (MyList) 
key= (eval (input (“Enter the number to Search:”) )) 
x=Binary Search (MyList, key) 
aie (Gk=S—il)) 2 
print (key,”is not present in the list”) 
else: 


print (“ The Element “,key,” is found at position “,x+1) 


Output 


#Test Casel 

[LO, 20, 30, 34, SG, 78, 89, VO! 
Enter the number to Search: 20 

The Element 20 is found at position 2 


#Test Case 2 

lo, BGO, 30, 34, 56, 78, B89, Ol 
Enter the number to Search: 43 
43 is not present in the list 


Explanation In the above program, we have defined the list with the elements [10 20 30 34 56 78 89 
90]. The number to be searched is prompted from the user. The list and the number to be searched 
both are passed as parameters to the function. In each iteration, the value of low, middle and high 
is calculated. The element to be searched, i.e. the key element is compared with the middle element. 
Then depending on the condition, i.e. the value of the key element and the element found at the 
mid position, the values of low and high are changed. 


Searching a List of Words from a Dictionary is Similar to Binary Search 


The binary search algorithm works in a manner similar to searching a word from a dictionary. 
Let us assume we want to search for a word starting with a particular letter, say ‘L’. Next, we 
open the dictionary. If the page we have opened contains the word staring with ‘L’ then we have 
found what we are looking for. But if the page we have opened contains words starting from ‘G’ 
then we have to search again. So far, to find our word starting from ‘L’ we will not search the left 
(Contd.) 
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part of the dictionary anymore, i.e. words starting from A to G. Hence, we will eliminate this 
part without looking anymore. 

Next, we will search the remaining right side of the dictionary, i.e. from H to Z. As before, we 
will open any page from H to Z and check the words appearing on that page. If the opened page 
contains words starting from L, our search is successful. If not, we check the words appearing 
on the page and if they start with a letter which comes after *L’ in the alphabetical order then we 
eliminate this second part and continue searching in the remaining part. 

We will repeat this process in the remaining part, i.e. open a page check again. As the process 
is repeated, the size of the dictionary to be searched keeps reducing by about half each time until 
the word is not found on the current page. 


9.3 INTRODUCTION TO SORTING 


Consider a situation where a user wants to pick up a book from a library but finds that the books 
are stacked in no particular order. In this situation, it will be very difficult to find any book quickly 
or easily. However, if the books were placed in some order, say alphabetically, then a desired title 
could be found with little effort. As in this case, sorting is used in various applications in general 
to retrieve information efficiently. 


Sorting means rearranging the elements of a list, so that they are organised in some relevant 
order. The order can be either ascending or descending. Consider a list L1, in which the elements 
are arranged in an ascending order in a way that L1[0] < L1[1] <............ <LI[NI. 


Example 
If a list is declared and initialised as: 
L1 = 19, 3, 4, 2, 1] 
The sorted list in an ascending order can be: 


L1 = [1, 2, 3, 4, 9] 


Form the above example, it is clear that sorting is a process of converting an unordered set of 
elements into an ordered set. 


9.3.1 Types of Sorting 


Sorting algorithms are divided into two main categories, viz. 
1. Internal sorting 
2. External sorting 


If all the records to be sorted are kept internally in the main memory then they can be sorted 
using internal sort. However, if a large number of records are to be sorted and kept in secondary 
storage then they have to be sorted using external sort. 

1. Internal sorting algorithms: Any sorting algorithm which uses the main memory exclusively 

during sorting is called an internal sort algorithm. It takes advantage of the random access 
nature of the main memory. Internal sorting is faster than external sorting. 
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2. External sorting algorithms: External sorting is carried on secondary storage. Therefore, 
any sorting algorithm which uses external memory, such as tape or disk during sorting is 
called external sort algorithm. It is carried out if the number of elements to be stored is too 
large to fit in the main memory. Transfer of data between secondary and main memory is best 
done by moving blocks of contiguous elements. 


The various sorting algorithms are Bubble sort, Selection sort, Insertion sort, Quick sort and 
Merge sort. Details of implementation of all these sorting algorithms are given ahead in this 
chapter. 


9.3.2 Bubble Sort 


Bubble sort is the simplest and oldest sorting algorithm. Bubble sort sorts a list of elements by 
repeatedly moving the largest element to the highest index position of the list. The consecutive 
adjacent pair of elements in both the lists is compared with each other. If the element at lower index 
is greater than the element at higher index then the two elements are interchanged so that the 
element with the smaller value is placed before the one with a higher value. The algorithm repeats 
this process till the list of unsorted elements is exhausted. This entire procedure of sorting is called 
bubble sort. The algorithm derives its name as bubble sort because the smaller elements bubble to 
the top of the list. 


Example of Bubble Sort 
Consider the elements within a list as: 
L1 = [30, 50, 45, 20, 90, 78] 
Sort the list using bubble sort. 
Solution 


Iteration 1 


30 40 45 20 90 78 | No Exchange 


30 40 45 20 90 78 | No Exchange 


30 40 45 20 90 78 | Exchange 


30 40 20 45 90 78 | No Exchange 


30 40 20 45 90 78 | Exchange 


30 40 20 45 78 90 | Output of bubble sort after the first iteration. But 
still the output is not in a sorted order. Repeat the 
above steps for iteration 2. 


Iteration 2 
Apply bubble sort to the output of the first iteration. 
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| 30 | 40 | 20 | 45 | 78 | 90 
| 30 | 40 | 20 | 45 | 78 | 90 
| 30 | 20 | 40 | 45 | 78 | 90 
| 30 | 20 | 40 | 45 | 78 | 90 

30 | 20 | 40 | 45 | 73 | 90 


Iteration 3 


No Exchange 
Exchange 

No Exchange 
No Exchange 


Output of bubble sort after the second iteration. 
But still the output is not in a sorted order. Repeat 
the above steps for iteration 3. 


Apply bubble sort to the output of the second iteration. 


| 30 | 20 | 40 | 45 | 78 | 90 
| 20 | 30 | 40 | 45 | 78 | 90 
[| 20 | 30 | 40 | 45 | 78 | 90 
| 20 | 30 | 40 | 45 | 78 | 90 
[ 20 | 30 | 40 | 45 | 78 | 90 


Exchange 

No Exchange 
No Exchange 
No Exchange 
No Exchange 


Thus, in third iteration itself we have obtained a sorted list of elements in an ascending order. 


Working of Bubble Sort 


In the above example, the working of bubble sort can be generalised as: 


1. In each iteration, the first element of the list, ie. L[1] is compared with the second element of 
the list, i.e. L[2] then L[2] is compared with L[3], L[3]is compared with L[4] and so on. Finally, 
L[N-1] is compared with L[N]. This process is continued till we obtain the list in a sorted 


order. 


. Inthe second iteration, L[1] is compared with L[2], L[2]is compared with L[3] and so on. Finally, 


L[N-2] is compared with L[N-1]. The iteration 2 just requires N-2 comparisons. Therefore, at 
the end of the second iteration, the second biggest element is placed at the second highest 


index position of the list. 


. Similarly, the above process is continued for the subsequent iterations. Therefore, in the last 


iteration we obtain all the elements within the list in a sorted order. 
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PROGRAM 9.3 | Write a program to implement bubble sort. 


def Bubble Sort (MyList) : 
for i in range(len(MyList) -1,0,-1): 
for j in range(i): 
if MyList [j] >MyList [j+1]: 
temp, MyList[j]=MyList[j], MyList [j+1] 
MyList [j+1] = temp 
Miyake = 30, 50, 45,1,6,3,20, SO, Well 


print (‘Elements of List Before Sorting: ‘, MyList) 
Bubble Sort (MyList) 
jorealiote (LEMNEINES) OIE Ilse waeiceie Soreiesliacye “ , eraycl=” ” )} 


print (MyList) 


Output 


LSNSiaics! OIE ibalSie Rrereoie Sloiiesinss (30, 50, 45, 1, 6G, 3, 20, 90, 78! 
ImiLewueraies) OIE Mpleic Mucieeue Sreacesiaes [fil, 3, 6G, 20, 30, 45, 50, 78, 90 


Explanation In the above program, the unsorted list is declared and initialised. The same list 
is passed as an argument to the function bubble sort. The list slicing operation is used to iterate 
through the loop. Each element is compared with its adjacent element and interchanged if the first 
element is greater than the second. Swapping of elements is done using Python’s simultaneous 
assignment as shown. 


if MyList [j] >MyList [j+1]: 
temp,MyList [j]= MyList [j] ,MyList [j+1] 
MyList [j+1] = temp 


Therefore, the above code is used to swap two elements. The above code is equivalent to the 
code below. Thus, a programmer should make use of the code above since it reduces the number 
of code lines. 


if MyList [j] >MyList [j+1]: 
temp = MyList [j] 
MyList [j]= MyList [j+1] 
MyList [j+1] = temp 


9.3.3 Selection Sort 


Consider a list of 10 elements list[0], list[1,...... list[N-1]. First you will search for the position of the 
smallest element from list[0] to list]N-1] and then interchange the smallest element with list[0]. 
Now you will search for the position of the second smallest element from list[1] to list[n-1] and then 
interchange that smallest element with list[1]. This process continues till the end and finally we 
obtain the sorted list. The whole process of selection sort will be as shown. 


List Processing: Searching and Sorting 


Iteration 1 


1. Search the smallest element from list[0] to list[N-1]. 
2. Interchange list[0] with the smallest element. 
Result: list[0] is sorted. 


Iteration 2 


1. Search the smallest element from list[1] to list{N-1]. 
2. Interchange list[1] with the smallest element. 
Result: list[0],list[1] is sorted. 


Iteration N-1 


1. Search the smallest element from list[N-1] to list[N-1]. 
2. Interchange list[N-1] with the smallest element. 
Result: list[O]............list{N-1]. 


Example of Selection Sort 
Consider the unsorted list of 8 elements as 


[74, 34, 42, 13, 87, 24, 64, 57] 


Operation 


Select 13 as the smallest 74 34 42 13 87 24 64 57 
element and swap it with 

74 as the first element within 

the list. 


v y 
Select 24 as the smallest 13 34 42 74 87 24 64 57 
element and swap it with 
34 in the remaining list. 


Select 34 as the smallest 13 24 42 74 87 34 64 57 
element and swap it with 
42 in the remaining list. 


Select 42 as the smallest 13 24 34 74 87 42 64 57 
element and swap it with 
74 in the remaining list. 
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Select 57 as the smallest 13 24 34 42 87 74 64 57 
element and swap it with 

87. 

Select 64 as the smallest 13 24 34 42 57 74 64 87 


element and swap it with 
74 in the remaining list. 


Final Sorted List 13 24 34 42 57 74 64 87 


@ Note: Selection sort repeatedly selects the smallest element and swaps it with the first element in the 
remaining list. 


PROGRAM 9.4 | Write a program for selection sort. 


def Selection Sort (MyList) : 


#i=- Outer Loop 
#j - Innner Loop 
#k - Index of the smallest Element 


for i in range(len(MyList) -1): 
k= #i th element is assumed to be smallest 
for j in range(i+1,len(MyList) ): 
if (MyList [j] <MyList [k] ): 
k=j 
wie (ig l=a)) 2 
temp=MyList [i] 
MyList [i] =MyList [k] 
MyList [k] =temp 
MyList=[12,34,2,7,45,90,89,9,1] 


print (‘Elements before Sorting’ ) 


print (MyList) 
Selection Sort (MyList) 

print (‘Elements After Sorting’ ) 
print (MyList) 


Output 


Elements before Sorting 
eb ek A Wy, A, Oy, I. 2), al 
Elements After Sorting 
lial, By we Dy we, sty AB, BS 90) 
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9.3.4 Insertion Sort 


Insertion sort is based on the principle of inserting an element in its correct place in a previously 
sorted list. It always maintains a sorted sublist in the lower portion of the list. Each new element is 
inserted back into the previous sub list. Thus, insertion sort sorts a list of elements repeatedly by 
inserting a new element into a sorted sublist until the whole list is sorted. An example of insertion 
sort is given below. 
Example 
Consider the unsorted list as 

MyList = [15,0,11,19,12,16,14] 


Initially, the sorted sublist contains the first element in the list, i.e. 15 


15 0 11 19 12 16 14 


& Note: The shaded gray color represents the ordered sublist. 


© STEP 1: Initially, the sorted sublist contains the first element in the list, ie. 15. Now insert the 
next element from the list, i.e. 0 into the sublist. 


0 15 11 19 12 16 14 


© STEP 2: The sorted sublist is [0, 15]. Insert 11 into the sublist. 


0 11 i 19 12 16 14 


© STEP 3: The sorted sublist is [0,11,15]. Insert 19 into the sublist. 


0 11 iS) 19 12 16 14 


© STEP 4: The sorted sublist is [0,11,15,19]. Insert 12 into the sublist. 


0 11 12 15 19 16 14 


© STEP 5: The sorted sublist is [0,11,12,15,19]. Insert 16 into the sublist. 


0 11 12 15 16 19) 14 


© STEP 6: The sorted sublist is [0,11,12,15,16,19]. Insert 14, into the sublist. 


0 11 12 15 16 19) 14 


© STEP 7: The sorted sublist is [0,11,12,14,16,19]. 


0 11 12 14 15 16 19 


Finally, we obtain the sorted list of elements in Step 7. 
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PROGRAM 9.5 | Write a program to implement insertion sort. 


def Insertion Sort (MyList) : 
for i in range(1,len(MyList) ): 
CurrentElement=MyList [i] 
k=i-1 
while k>=0 and MyList [k] >CurrentElement: 
MyList [k+1] =MyList [k] 
k=k-1 


MyList [k+1] =CurrentElement 
Miylalsic= (12,2315, 2,2, 1,41) 
print (‘Elements before Sorting’ ) 
print (MyList) 
Insertion Sort (MyList) 
print (‘Elements After Sorting’ ) 
print (MyList) 


Output 


Elements before Sorting 
[DRS PS Dn OE plea] 
Elements After Sorting 

[ESE Ae Ae shy” bee ee ee} | 


9.3.5 Quick Sort 


Quick sort is one of the fastest internal sorting algorithms. It is based on the following three main 
strategies: 


1. Split or Partition: Select a random element called pivot from the sequence of elements to be 
sorted. Suppose the selected element is X, where X is any number. Now split (divide) the list 
into the two small lists, viz. Y and Z such that: 


e All the elements of the first part Y are less than the selected element pivot. 
e All the elements of the second part Z are greater than the selected element pivot. 

2. Sort the sub-arrays. 

3. Merge (join/concatenate) the sorted sub-array. 

The split divides the lists into two smaller sublists. When these sublists are ultimately sorted 
recursively using quick sort these sublists are called conquered. Therefore, the quick sort algorithm 
is also so called the divide and conquer algorithm. 

Suppose there are N elements as a[0], a[1], a[2],...... a[N-1]. The steps for using the quick sort 
algorithm are given below. 


© STEP 1: Select any element as the pivot. For example, select the element stored at the first 
position in a list as the pivot element. Although there are many ways to choose the 
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pivot element, we will use the first item from the list. It helps to split a list into two 
parts. 


Pivot = a[First] //Select Pivot Element 
where the value of First is 0. 
© STEP 2: Initialize the two pointers i and j. 
i = First+1 (The first (low) index of a list) 
j = Last (The last (upper) index of a list) 
© STEP 3: Now increase the value of i until we locate an element that is greater than the pivot 
element. 
while i<=j and afi] <= Pivot 
i++ 
© STEP 4: Decrease the value of j until we find a value less than the pivot element. 
while i<=j and _ a[j]>=Pivot 
j- 
© STEP 5: If i<j interchange i ali] and alj]. 
© STEP 6: Repeat Steps 2 to 4 until i>j. 
© STEP 7: Interchange the selected data element pivot and al]. 


Example 
Consider the elements of a list as 50, 30, 10, 90, 80, 20, 40 and 60. 
© STEP 1: Select the pivot element. 


0 1 2 3 4 5 6 7 
50 30 10 90 80 20 40 60 


From the above Step 1 it is clear that we have selected the first element as the pivot 
value, i.e. 50. 
© STEP 2: Initialize the two pointers i and j. 
The goal of selecting the pivot element is to place the elements less than the pivot 
towards the left and the elements greater than the pivot towards the right. 
0 1 2 3 4 5 6 7 
50 30 10 90 80 20 40 60 


i * 30 < 50. Therefore, move the 
pointer i towards the right. 
i > < j 
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4 A Again 10 < 50. Therefore, move 
the pointer i towards the right. 


50 30 10 90 80 20 40 60 


50 30 10 90 80 20 40 60 


i i But now the element 
90 > 50. Therefore, don’t move 
i j the pointer i. Now move the 
pointer j towards the left if alj] 
>= Pivot. 


50 30 10 90 80 20 40 60 


+ 4 The value of alj] is 60. As 
alj]J>=50, decrease the pointer j 
i j by 1. 


50 30 10 90 80 20 40 60 


4 4 As Afj] is not greater than the 

pivot, ie. 50. Therefore, don’t 

i j move the pointer j towards the 
left. 


50 30 10 90 80 20 40 60 


Now we have got the value of i and j, ie. the index values are 3 and 6, respectively. As i<j, 
swapaalil, alj)). 
After swaping afi] and alj], the content of the list becomes 


50 30 10 40 80 20 90 60 


As 40 < 50 (pivot), increase the 
a‘ value of i by 1. Now 80 > pivot, 
i j ie. (50), hence stop moving 
: . . a : i towards the right and start 
Now continue moving left and right until i crosses j. moving j towards the left. 


50 30 10 40 80 20 90 60 


f t 


i 
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1 4 The value of afj] is 90. As alj]>= 
: : 50, decrease the pointer j by 1. 
1 J The new value of a[j] is 20 and 


Alfj] is not greater than pivot, 
i<j, swap(ali], alj]) after swapping the contents of list are as follows. | i-¢. 50. Hence, don’t move the 
pointer j towards the left. Thus, 
we have found the final value 


50 30 10 40 20 80 90 60 of i andj. 


i j After, swapping we have to 
move the pointer i towards the 
0 1 2 3 4 5 6 7 left and j towards the right. 


Now 20<50 (pivot), so increase 


50 30 10 40 20 80 90 60 the value of i by 1 towards the 


4 right. 
nea The new index value of iis 5. As 
1,) 80>50 stop moving i towards 


the right and find the index 
0 if 2 3 4 5 6 7 value of j. 


50 30 10 40 20 80 90 60 


50 30 10 40 20 80 90 60 


‘i i} As Alj], ie. 80 is greater than 
pivot, ie. 50, move the pointer j 
j i towards the left. 


From the above condition, it is clear that i crosses j. Thus, we stop at the point where the value 
of j becomes less than i. Therefore, the position of j is now the split point, i.e. the partition point. 


Asj<i Swap(pivot, alj]) 
After swapping, 
20 30 10 40 50 80 90 60 
——.————~ “~~ 
All the elements are less All the elements are 
than pivot. greater than pivot. 


From the above example, it is clear that 50 is placed in its proper position. Elements less than 50 
are placed towards the left and those greater than 50 are placed towards the right. Now apply the 
same method recursively for the two sublists, viz. ¥(20, 30, 10, 40) and Z(80,90,60). 
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PROGRAM 9.6 | Write a Python program to sort elements of a list using quick sort. 


def quickSort( MyList ): 
““" Sorts an array or list using the recursive quick sort algorithm. “”” 
print (‘Elements of List are as follows’) 
print (MyList) 
iat = Ikea ( Wayilsiiste )) 
NEC Cbalele Storie ( Wayunisic, O, imi ) 


(Clase INexe) _(ojbulel< Syercic ( Wiyauilisic, ialisic, ileysie )) 2 
““" The recursive implementation. “”” 
alice fealsesic. & lleyshes 
pos = Partition( MyList, first, last ) 
“’" Split the List into two sublists Left and Right. “”” 
Ree Quick Sort( Myliist, first, pos - 1 ) 


Rec Quick Sort( MyList, pos + 1, last ) 


def Partition(MyList, first, last ): 


““" Partitions the sublists or subarrays using the first key as the pivot. 
wan 


pivot = MyList [first] #Select the Pivot element 


# Find the pivot position and move the elements around the pivot. 
ab = aealgeeie ah al 
|) = Jlasic 


while i < j 


# Find the first key larger than the pivot. 
while i <= j and MyList[i] <= pivot 


lee — meet 


#Find the key from the list that is smaller than or equal to the pivot. 
while j >= i and pivot <= MyList [j] 
eet 


# Swap the two keys if we have not completed this partition. 
ie ah eg 

temp= MyList [i] 

MyList[i] = MyList [j] 

MyList[j] = temp 
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# Put the pivot in the proper position. 


#Swap pivot with MyList [j] 
temp=MyList [first] 

MyList [first] = MyList [j] 
MyList[j] = temp 


# Return the index position to partition into left and right 


return j 


Nvialsic= (50, S30, 0, 90, 80, AO, 40, GOll x 

quickSort (MyList) 

print (‘Elements of List after Sorting Using Quick Sort’) 
print (MyList) 


Output 


Elements of List are as follows 
[S0, 30, oO, GO, BO, 20, 40, 60] 
Elements of List after Sorting Using Quick Sort 
[1L0, 20, 40, 20, 50, 60, 80, 80) 


9.3.6 Merge Sort 


As discussed in the previous sections all sorting algorithms are mainly used for internal sorting 
where the data to be sorted fits in the main memory. When the data to be sorted resides in a file or 
on a disk and does not fit in the available memory, the merge sort method is used. Merge sort is a 
well-known and efficient method for external sorting. 


Like quick sort, merge sort is also based on three main strategies: 


(a) Split the list into two sub lists (Split or Divide): Split implies partitioning the n elements of a 
list into two sublists, where each sublist contains n/2 elements. 


(b) Sort sublists (Conquer): Sorting two sub-arrays recursively using merge sort. 
(c) Merge the sorted sublists (Combine): Combine implies merging two sorted sublists, each of 
size n/2, to produce a sorted list of n elements. 
Example of Merge Sort 


Consider the following elements within a list. 
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[24, 11, 9, 2, 17, 16, 14, 3] 


PAD ome) 17 | 16 | 14] 3 


Y Y 
24 | am aie 14 | 3 
] 
Yv Yv v Y 
24 | 11 BB 17 | 16 14| 3 
J T 
YY Y Y Y Y 
24 11 9 2 17 16 14 3 
J = a 
11 | 24 2 ||\29 16 | 17 3 | 14 
Y Y 
21/9/11 24 | lias 6s | 07 
Y 


Figure 9.1 Example of merge sort 


The list in Figure 9.1 has 8 elements. The index of the first element is i=0 and the index of the last 
element is j=7. In order to divide the above list around the middle element, the index of the middle 
element is found, i.e. mid=(i+j)/2. 

Therefore,i=0 andj=7 


Mid = (i+ j)/ 2 = (0+7)/2 =3. 


Merge sort is applied recursively to the left part of the list from i = 0 toj = 3. After sorting of the 
left half of the list, the right half of the list is sorted from i= 4 to j = 7 recursively using merge sort. 
After sorting the left half of the list from i = 0 to j = 3 and right half of the list from i=4 to j=7, the 
two lists are merged to produce a single sorted list. 


Merging Operation in Merge Sort 


A fundamental operation in the merge sort algorithm is merging of two sorted lists. The merging 
algorithm takes two sorted lists a[] and b[], ie. (left and right list) as the input and the third list 
c[] as the output list. Each element of a list, ie. (LeftList) ali] is compared with the elements of the 
(RightList) b[j]. The smaller element among afi] and b[j] is copied to the output list c[k]. When 
either of the input list is exhausted, the remainder of the other list is copied to the output list c. 

In the above example, we obtained two sorted sublists, viz. a[] as the left list and b[] as the right 
list, as shown. 
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Left List al] Right List b[] Output List 
[2 [9 | 1 | 24 3 | 14 | 16 | 17 | 
‘ 
i-0 j=0 k=0 
© STEP 1: 
[2[9 | 1 | 24 3 | 14 | 16 | 17 | 2 
t ‘ i 
i-0 j=0 k=0 
© STEP 2: 
[2 [9 | 1 | 24 3 | 14 | 16 | 17 | 2/3 
‘ ‘ 
el j=0 k=1 
© STEP 3: 
| > a in | 2 3 Im 16 | 17 mle a 
i i ‘ 
al jel k=2 
© STEP 4: 
[2 | 9 | 11 | 24 3 Bae ic | 17 ®t sa los i a4 
‘ t i 
ix? jel k=3 
© STEP 5: 
21oln ea 3 Ba ic | 17 a) ae) ot lian.) 4a 
‘ t i 
i<3 jel k=4 
© STEP 6: 
219 |u| 24 3 | 14 | 16 | 17 | a3 | o:) a1) 4a 46 
‘ t 
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© STEP 7: 

[2 | 9 [1 | 24 3 | 4 | 16 | 17 | lis. lon eae laa. 647 
i i 7 
i j=3 k=6 


© STEP 8: In Step 7, the list b[] is exhausted. Therefore, the remaining elements of the list al] are 


added to the output list. 
2 | 9 | 11 | 24 3 | 14 | 16 | 17 2 | 3 | 9 | 11) 14 | 16 | 17 | 24 


Finally, in Step 8, all the elements of the list are sorted. 


PROGRAM 9.7 | Write a program to implement merge sort. 


def mergeSort (MyList) : 
if len(MyList) >1: 
mid = len(MyList) //2 
leftList = MyList [:mid] 


rightList = MyList [mid:] 
‘''Merge sort to the left part of the list from 0 to mid-1.’’" 


mergeSort (leftList) 
‘''Merge sort to the right part of the list from mid to len(List)’’’ 
mergeSort (rightList) 
1=0) 
j=0 
k=0 
‘'' Merge Two Sorted List i.e. LeftList and RightList’’’ 
while i < len(leftList) and j < len(rightList) : 
abié Mencia sic [al] < seielaieimalese |[5)]) 3 
MyList [k] =leftList [i] 
weaiepil 
else: 
MyList [k] =rightList [j] 
j= 5 41 
k=k+1 


while i < len(leftList) : 
MyList [k] =leftList [i] 


(Contd.) 


List Processing: Searching and Sorting 


while j < len(rightList) : 
MyList [k] =rightList [j] 
j=j+1 
k=k4+1 


Mylast =) [547267937 17,77, 35 8, 447,55), 2.0) 
print (‘List Before Sorting’ ,MyList) 
mergeSort (MyList) 

print (‘List After Sorting’ ,MyList,end='’) 


Output 


Inlic Reseorts Slorcieiime; (24, ii, 9, 2B, i7, 1G, 14, 3] 
Ingle AMEiceuc Sencicalials; [|B 3, S), Mil, ad, We, ay, 2244] 


Explanation In the above program, initially the list of elements are declared. The list is passed as 
argument to the function mergesort(). If the list contains more than one element then the index 
of the middle element is calculated and the existing list is divided into two parts. Once the merge 
sort function is invoked on the left and right part of the list, the rest of the code is responsible for 
merging the two smaller sorted lists into a larger sorted list. 


While merging the two sorted lists, the elements of the left list are compared with the elements of 
the right list. The elements with smaller values are placed in the output list. The process continues 
till we obtain the sorted list. 


WN ede] es Sorting Based on the Length of Each Element 


This mini project will use programming features, such as lists, functions and sorting algorithms 
to sort the sequence of elements from a list based on some conditions. 


Sort list according to the length of the elements. Assume that the elements within the list 
are of type integers. 


PROBLEM STATEMENT 


Input 
Elements of a list (before sorting) based on the length of the element are 


[23, 10, 4566, 344, 123, 121] 


Output 
Elements of a list (after sorting) based on the length of the elements are 


[23, 10, 344, 123, 121, 4566] 
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Algorithm 


© STEP 1: Define the list with n number of elements of your choice. 
© STEP 2: Pass the list to the function Bubble_Sort() 
© STEP 3: Calculate the length of each element by calling calc() function. 


© STEP 4: Ineachiteration, compare the length of each element with the length of the neighbouring 
element and swap the elements accordingly. 


© STEP 5: Print the sorted list according to the length of each element. 


Program 


det cale(n): #Function to Calculate length of an element 
iG = 0) 
while n > 0: 

n//10 


Clea tal 


n 


return c #return length of an element 


def Bubble Sort (MyList) : 
for i in range(len(MyList) -1,0,-1): 
for j in range(i): 
if calc (MyList[j]) > calc(MyList [j+1]): 

temp,MyList [j] =MyList [j] ,MyList [j+1] 
MyList [j+1] = temp 

MyList = [23,10,4566,344,123,121] 

print (‘List before sorting based on length of each element:’) 

print (MyList) 

Bubble Sort (MyList) 


print (‘List after Sorting based on length of each element:’) 
print (MyList) 


Output 


List before sorting based on length of each element: 
IAS; a0, ASG, Béla, alae, abwall| 

List after Sorting based on length of each element: 
[23, 10, 344, 123, 121, 4566] 


Thus, this program will help a user to sort the elements of a list based on the length of each 
element. 
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ee SUMMARY 


¢ Binary search is faster than linear search. However, data within a list must be in a sorted order while 
using binary search to search the elements within a list. 


¢ Sorting isa method which rearranges the elements of a list, so that they are kept in some relevant order. 
The order can be either ascending or descending. 


es KEY TERMS 


Linear Search: Searches sequentially 

Binary Search: Divides a sorted list in two parts until an element is found 

Bubble Sort: Adjacent elements of a list are compared frequently 

Selection Sort: Selects the smallest element and swaps it with the first element in the remaining list 
Insertion Sort: Inserts a new element into a previously sorted list 


GUESS 


Quick Sort: Sorting of elements within the list is based on selection of a pivot element 


ee REVIEW QUESTIONS 


A. Multiple Choice Questions 


1. Which sorting algorithm selects the smallest element from a list and interchanges it with the first 


position? 
a. Insertion sort b. Selection sort 
c. Bubble sort d. Quick sort 


2. Insertion sort is based on which principle? 
a. Inserting an element at the correct place in a previously unsorted list. 
b. Inserting an element at the correct place in a previously sorted list. 
c. Cannot predict 
d. None of the above 
3. Quick sort is also known as: 


a. Merge sort b. Partition and exchange sort 
c. Shell sort d. None of the above 
4. Which sorting algorithm is of divide and conquer type? 
a. Bubble sort b. Insertion sort 
c. Selection sort d. Quick sort 


5. The worst case while searching an element in linear searchis_ 
a. Element is present in the middle of the list 

b. Element is present at the last 

c. Element is not present in the list at all 

d 


. Element is present at the first position 


6. 


10. 
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A pivot element to partition unsorted list is used in: 


a. Selection sort b. Merge sort 
c. Insertion sort d. Quick sort 
Which strategy is used by merge sort? 
a. Divide and conquer b. Divide 
c. Greedy approach d. None of the above 
If a list is sorted or nearly in a sorted order then which algorithm gives a better performance? 
a. Selection sort b. Insertion sort 
c. Quick sort d. Merge sort 
Which search algorithm requires the list to be in a sorted order? 
a. Linear search b. Binary search 
c. Botha and b d. None of the above 
The best case while searching an element in a binary search is 
a. Element found at first position b. Element found at last position 
c. Element found at middle position d. None of the above 


B. True or False 


1. 
. Inbinary search, the elements in a list must be in a sorted order. 


10. 


In linear search, the elements are examined sequentially starting from the first element. 


Any sort algorithm that uses the main memory exclusively during sorting is called an internal sort 
algorithm. 


Binary search algorithm compares an element to be searched with the last element of a list in each 
iteration. 


Internal sorting is slower than external sorting. 


Insertion sort is based on the principle of inserting the elements at their correct place in a previously 
sorted list. 


Insertion sort always maintains a sorted sublist in the lower portion of a list. 
Quick sort divides a list into two smaller sublists. 


In selection sort, the smallest element from an array is obtained and placed at the last position of the 
array. 


Internal memory is used for external sort algorithm. 


C. Exercise Questions 


He Gear 


Write the steps to implement the binary search method. 
Sort the following list in the ascending order using selection sort: 55, 58, 90, 33, 42, 89, 59, 71. 
Explain sequential searching and give its time analysis. 
What is sorting and searching? List the different types of searching and sorting techniques. 
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PROGRAMMING ASSIGNMENTS 


i. 
2: 
3. 
4. 
5. 


Write a Python program to implement bubble sort. 

Write a Python program to implement quick sort. 

Sort recursive elements using selection sort. 

Write a Python program to find the desired element in a list using binary search. 
Write a Python program to implement merge sort. 


Object-Oriented 
Programming: Class, 
Objects and Inheritance 


CHAPTER OUTLINE 
10.1 Introduction 10.12 Operator Overloading 
10.2 Defining Classes 10.13 Inheritance 
10.3. The Selfparameter and Adding 10.14 Types of Inheritance 


Methods to a Class 


10.4 Display Class Attributes and 
Methods 


10.5. Special Class Attributes 

10.6 Accessibility 

10.7. The __init__ Method (Constructor) 
10.8 Passing an Object as Parameter to a 


Method 
10.9 _ del__() (Destructor Method) 
10.10 Class Membership Tests 
10.11 Method Overloading in Python 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


10.15 
10.16 
10.17 


10.18 
10.19 
10.20 
10.21 

10.22 


The Object Class 
Inheritance in Detail 


Subclass Accessing Attributes of 
Parent Class 


Multilevel Inheritance in Detail 
Multiple Inheritance in Detail 
Using Super() 

Method Overriding 

Precaution: Overriding Methods in 
Multiple Inheritance 


e Explain the necessity and importance of object-oriented features in programming 


¢ Describe attributes and methods for a given object 


¢ Access attributes and member functions, i.e. methods of a class using the dot operator 


¢ Reference an object using the self-parameter 


¢ Overload inbuilt functions using special methods 


e Learn to create super and sub classes using the concept of inheritance 


e Learn different types of inheritance and make use of them effectively in programming 
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10.1 INTRODUCTION 


Python is an object-oriented language. Object-oriented languages help a programmer to reduce the 
complexity of programs by reusing existing modules or functions. The concept of object-oriented 
programming language is based on class. We know that class is another name for type in Python. 
It means a programmer can create objects of their own class. 

So far, we have learnt various inbuilt classes, such as int, str, bool, float and list. Since all of 
these are inbuilt classes, Python defines how these classes look and behave. Overall, in any object- 
oriented language, the class defines how an object of its type looks and behaves. For example, we 
know how an integer looks. Its ‘behavior’ will be the operations one can perform on it. 


10.2 DEFINING CLASSES 


As discussed above, class is another name for type in Python. A class may contain data in the 
form of fields. Fields are also called attributes and coded in the form of procedures known as 
methods. Finally, a programmer has to create an object of its own class, where the object represents 
an entity which can be easily identified. For example, person, vehicle, fan, book etc. represent real 
objects. Each object has a unique identity, state and behaviour. The state of the object is also called 
property or attribute. For example, a circular object has a data field radius which is a property that 
characterises a circle. The syntax to define a class in Python is given as follows: 


Class Class Name: 


Initializer 
attributes 
methods () 
Statement (s) 


PROGRAM 10.1 | Write a simple class program. 


class Demo: 

pass 
D1=Demo () #Instance or Object of the class Demo 
print (D1) 


Output 


<__main__.Demo object at 0x029B3150> 


Explanation In the above example, we have created a new class called Demo using the class 
statement. The class is followed by an indented block of statement which forms the body of the class. 
In the above program, we have an empty block which is indicated using the pass statement. The 
object/instance of this class is created using the name of the class followed by a pair of parentheses. 
The print statement is used to verify the type of variable D1. Therefore, the print statement tells us 
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that there is an instance of the Demo class in the __main__ module. The output of the print statement 
is <_main__.Demo object at 0x029B3150>. It tells us the address of the computer’s memory where 
the object D1 is stored. The value of the address varies from one machine to another. Python stores 
an object wherever it finds the space. We can say the return value of print(D1) is a reference to a 
Demo class, which we have assigned to D1. Creation of a new object is called instantiation and the 
object is an instance of the class. 


© Note: In the above program, we have created an object/instance of the class as: 
D1=Demo () 
Creating objects in Python is equivalent to the following code in Java, C++ 


Demo D1 = new Demo(); 


Therefore, there is no new keyword in Python as in Java and C++. 


PROGRAM 10.2 — a program i create a simple class and print the message, “Welcome to Object-oriented 
rogramming” and print the address of the instance of the class. 


class MyFirstProgram: 

print (*‘ Welcome to Object-oriented Programming’ ) 
C=MyFirst Program () #Instance of class. 
print (C) 


Output 


Welcome to Object-oriented Programming 


<_main__.MyFirstProgram object at 0x028B6C90> 


Explanation Name of the class is MyFirstProgram. The instance, i.e. ‘C’ of the class is created. 
Inside the class, the print statement is used to display the welcome message. Additionally, the last 
print statement is used to display the address of the computer’s memory where the object ‘C’ is 
stored. 


10.2.1 Adding Attributes to a Class 


In Program 10.1, we have created a simple class named Demo. The class Demo does not contain 
any data and it does not do anything. What can a programmer do to assign an attribute to a given 
object? The programs ahead explain how to add an attribute to an existing class. 

Let us consider a simple class called Rectangle which defines two instance variables length and 
breadth. Currently, the class Rectangle does not contain any method. 


Class Rectangle: 
length=0; #Attribute length 
breadth=0; #Attribute breadth 


From above example, it is important to remember that a class declaration only creates a template, 
i.e. it does not create an actual object. Hence, the above code also does not create any object of type 
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Rectangle. To create a Rectangle object we will use the following statement. 


R1 = Rectangle () # Instance of Class 


After execution of the above statement R1 will be the instance of the class Rectangle. Each time 
we create an instance of class, we are creating an object that contains its own copy of each instance 
variable or attribute defined by that class. Thus, every Rectangle object will contain its copies of 
instance variables, length and breadth. 


10.2.2 Accessing Attributes of a Class 
The syntax used to access the attributes of a class is: 


<object>.<attribute> 


PROGRAM 10.3 }| Write a program to access the attributes of a class. 


class Rectangle: 
length=0; #Attribute length 
breadth=0; #Attribute breadth 
Ri = Rectangle () #Instance of a class 
print (R1.length) #Access attribute length 
print (R1.breadth) #Access attribute breadth 
Output 


Explanation The class Rectangle is created as shown above. The class contains two attributes, viz. 
length and breadth. Initially the values of both the attributes are assigned to zero. R1 is the instance 
of the class. The object R1 and dot operators are used together to print the value of the attributes 
of a class. 


10.2.3 Assigning Value to an Attribute 
The syntax used to assign a value to an attribute of an object is 


<object>.<attribute> = <Value> 


The value can be anything like a Python primitive, an inbuilt data type, another object etc. It can 
even be a function or another class. 


Example 


R1.length=20; 
R1.breadth=30; 
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Write a program to calculate the area of a rectangle by assigning the value to the attributes of 


PROGRAM 10.4 a rectangle, i.e. length and breadth. 


class Rectangle: 


length=0; #Attribute length 
breadth=0; #Attribute breadth 
Rl = Rectangle () #Instance of a class 


print (‘Initial values of Attribute’ ) 


print (‘Length =) 7 Rie length) #Access attribute length 
jonealiaue, (( “iheevecleln = % , iRaL .loweeveyclheim)) #Access attribute breadth 
print (‘Area of Rectangle = ‘,R1.length * R1.breadth ) 

Ri lenge = 20 #Assign value to attribute length 

Riv breadth = 30 #Assign value to attribute breadth 

print (‘After reassigning the value of attributes’ ) 

print (‘Length = ‘,R1l.length ) 

jonealiale ( eieSeclels = ° RAL loneeeclicia )) 


print (‘Area of Rectangle is ‘,R1.length * R1.breadth) 


Output 

Initial values of Attribute 

Length = 0 

Breadth = 0 

Area of Rectangle = 0 

After reassigning the value of attributes 
Length = 20 

Breadth = 30 


Area of Rectangle is 600 


10.3 THE SELF-PARAMETER AND ADDING METHODS TO A CLASS 
10.3.1 Adding Methods to a Class 


As discussed at the beginning of this chapter, a class usually consists of instance variables and 
instance methods. The syntax to add methods in a class is 


class Class Name: 


instance variable; #instance variable with initialisation 
def mthod_name(Self,parameter_ list) :#Paramter List is Optional 


block _of statements 


10.3.2 The Self-parameter 


To add methods to an existing class, the first parameter for each method should be self. There is 
only one difference between class methods and ordinary functions. The self-parameter is used 
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in the implementation of the method, but it is not used when the method is called. Therefore, the 
self-parameter references the object itself. Program 10.5 illustrates the self-parameter and addition 
of methods to an existing class. 


PROGRAM 10.5 Write a program to create a method Display_Message() in aclass having the name MethodDemo 
and display the message, “Welcome to Python Programming”. 


class MethodDemo: 


def Display Message (self) : 
print (‘Welcome to Python Programming’ ) 


ob1 = MethodDemo () #Instance of a class 
ob1.Display Message () #Calling Method 
Output 


Welcome to Python Programming 


Explanation In the above program, the Display Message () method takes no parameters but 
still the method has the self-parameter in the function definition. Therefore, the self-parameter 
refers to the current object itself. Finally, the method is called and the message is displayed. 


Note: 1. The first parameter for each method inside a class should be defined by the name ‘self’. 
2. The variable ‘self’ refers to the object itself. Therefore, for convention it is given the name self. 
3. The self in Python is equivalent to the ‘this’ pointer in C++ and ‘this’ reference in Java. 


Important Note 

4. Although a programmer can give any name to the parameter self but it is strongly recommended that 
he/she uses the name ‘self’. There are many advantages to using a standard name self, such as any 
reader of the program will be able to immediately recognise it. 


10.3.3 Defining Self-parameter and Other Parameters in a Class Method 


Program 10.6 explains defining of self and parameters for methods of the existing class. 


Write a program to create a class named Circle. Pass the parameter radius to the method 
PROGRAM 10.6 Prd ug 
named Calc _ Area() and calculate the area of the circle. 


import math 
class Circle: 
def Calc Area(self,radius) : 
jonealione (“ieewcliings) = “ , ieyelaluis))) 
return math.pi*radius**2 
Aol, = Gimwele () 
print (“Area o£ circle 1s ‘,obl.Calia Area (5)) 


(Contd.) 
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Output 


radius = 5 
Area of circle is 78.53981633974483 


Explanation The class with name Circle is created as shown above. The extra parameter radius is 
passed to a method defined inside the class Calc_Area(). The instance ob1 of a class is created 
and used to call the method of the existing class. Even though the method Calc_Area() contains 
two parameters, viz. self and radius, only one parameter should be passed, viz. the radius of the 
circle while calling the method. 


Write a program to calculate the area of a rectangle. Pass the length and breadth of the 
PROGRAM 10.7 rectangle to the method named calc_Rect_Area(). 


class Rectangle: 
Glee Calle Meese _Iecic (sili , lkevatejiclay, loxeeerclhela)) 2 
print (‘length = ‘,length) 
print (‘breadth = ‘,breadth) 
return length*breadth 
ob1 = Rectangle () 
print (‘Area of Rectangle is ‘,obi.€ale Area Rect (5,4) ) 


Output 


Tengehy— 55 
breadth = 4 
Area of rectangle is 20 


10.3.4 The Self-parameter with Instance Variable 


As discussed above, the self-work as a reference to the current object whose method is invoked. The 
self can also be used to refer any attribute/member variable or instance variable of the current 
object from within the instance method. The self is used to handle variables. 

We cannot create two instance variables /local variables with the same name. However, it is legal 
to create one instance variable and one local variable or method parameter with the same name. 
But in this scenario, the local variable tends to hide the value of the instance variable. Program 10.8 
illustrates this concept of variable hiding. 


PROGRAM 10.8 | Write a program for variable hiding. 


class Prac: 
x=5 # attribute x 
def disp(self, x): 


(Contd.) 


Object-Oriented Programming: Class, Objects and Inheritance 


510) 
joncalione. (“Player sweiilivie) fone IkeyeeiIl weuealelolle s< ali)  , 5%) 
print(‘ The value of instance variable x is ‘,x) 
ob=Prac() 
ob.disp (50) 


Output 


The value of local variable x is 30 


The value of instance variable x is 30 


Explanation The instance variable x is initialised with the value 5. Similarly, the method disp () 
has a local variable named x and it is initialised with the value 30. Object ob is instantiated and the 
method disp () is invoked. Thereafter, it displays both the values of x as 30. 


Thus, in the above program we have seen the value of the instance variable is hidden by the local 
variable. If a programmer does not want to hide the value of an instance variable, he/she needs to 
use self with the name of the instance variable. Program 10.9 demonstrates the use of self with an 
instance variable to solve the problem of variable hiding. 


PROGRAM 10.9 Write a program to demonstrate the use of self with an instance variable to solve the problem 
of variable hiding. 


class Prac: 


x=5 
def disp(self, x): 
510) 
print(‘ The value of local variable x is’ ,x) 
print(‘ The value of instance variable x is ‘,self.x) 
ob=Prac() 
ob.disp (50) 
Output 


The value of local variable x is 30 


The value of instance variable x is 5 


Explanation The self is used to differentiate between an instance and local variable. Here x 
displays the value of the local variable and self.x displays the value of the instance variable. 


10.3.5 The Self-parameter with Method 


The self is also used within methods to call another method from the same class. 


Write a program to create two methods, i.e. Method_A() and Method_B(). Call 


PROGRAM 10.10 Method_A() from Method_B() using self. 
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class Self Demo: 
def Method A(self): 
print (‘In Method A’) 
print (‘wow got a called from A!!!’) 
def Method B(self): 
print (‘In Method B calling Method A’) 
self.Method A() #Calling Method A 
Q=Self Demo () 
Q.Method B() #calling Method B 


Output 


In Method B calling Method A 
In Method A 


wow got a called from A!!! 


10.4 DISPLAY CLASS ATTRIBUTES AND METHODS 


There are two ways to determine the attributes in a class. One way is by using the inbuilt function 
dir(). The syntax used to display dir() attributes is: 


dir(name_of_class) or 
dir(Instance_of_class) 
Program 10.11 explains how to display the attributes present in a given class. 


PROGRAM 10.11 | Write a program to display the attributes present in a given class 


class DisplayDemo: 
Name = ‘’; #Attribute 
Nee = Yg #Attribute 
def read(self): 
Name=input (‘Enter Name of student: ‘) 
print (‘Name = ‘,Name) 
Age=input (‘Enter Age of the Student:’) 
print (‘Age = ‘,Age) 
D1 = DisplayDemo () 
D1.read() 


#Display attributes using dir() on the interactive mode 
>>>(dir( DisplayDemo ) 


[WAge.; S| Names, oe Classe sere en dellatitisntn a; ChiG4Ctar of, n ECan m a BEdOCE mai: 
ViVCCin a Sar ORMctwE y= ae Chee EE OOtattstbutCumns,. aj uenCicveay martha Shama, 
SoMeabinuijes Secrest eh eee lldeme te eh eelelchOR Wan wire ialsWien a a Sem ialoi" Ciao aN 

reducer sary “semeducelex. =", “a repry Ae se sctatitw. 24, “saxsi7eoh 65 


Sicie 7, “__sjwlloyeiileusysiaioo le, __wieelbaeeue 9, Sesevel” | 
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Explanation When dir() method is executed in interactive mode, the dir() function returns 
a sorted list of attributes and methods belonging to an object. The function returns the existing 
attributes and methods belonging to the class, including any special methods. 


An alternate way to display the attributes of a class is by using a special class attribute __dict_. 
The syntax to display the attributes and methods of an existing class using __dict__ is 
Class Name. dict 


Note: The dict contains two underscores i.e. two underscores before the word dict and two 
underscores afterwards. 


PROGRAM 10.12 | Write a program executing __dict__ method on Program 10.11. 


class DisplayDemo: 
Name = ‘’; #Attribute 
AGee— #Attribute 
def read(self): 
Name=input (‘Enter Name of student: ‘) 
print (‘Name = ‘,Name) 
Age=input (‘Enter Age of the Student:’) 
print (‘Age = ‘,Age) 
D1 = DisplayDemo () 
D1.read() 


#Display attributes using dict _ 
>>> DisplayDemo. dict __ 


\ 


mappingproxy ({‘read’: <function DisplayDemo.read at 0x02E7C978>, 


Weelatse 78 ceheicicllyuines Y_ weelasie 9 Oi whlsjolleyAeno? Cloyjecirss, “_ cloe__ 3 
Weme, “_ Chiete “9s <aiciellguice “_ chicic 9 © “whlsioileyadeMmie” ClyjeCiEss, %__ 
worst. 9s SY imetiin 9, ei? g 89, Were Ni) 


Explanation The special class attribute __dict_ returns the details of the class containing 
methods and attributes. The output of the above function returns the address of the method read, 
ie. {‘read’: <function DisplayDemo.read at 0x02E7C978>. It also displays the attributes of the class 
DisplayDemo, viz. Name and Age. 


10.5 SPECIAL CLASS ATTRIBUTES 


Consider a simple program of a class given as follows: 


class Demol: 
pass 
D1=Demol () 


(Contd.) 
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>>>dir (D1) 

PS onberspol eee olan be aul cua Se) ee Noche aire click Mo lolohe ye (oe elope ee 
IORaMeNe. hy NE tofey  O ofaicelcicacal betes oy = Veit alesis 5, aN cationic V5 
eee 7 Sd SS titoyolibilley > Saas, 8 aa OY Se aeteyohbhore ye 
ECOUC Ca Caner 7 ee GCD hae Mee Oba tit chet S87 CO fmm aye ane terrme eet 
Slloycllersisiaool< “, “_ wieehsaceic | 


In this program, we executed the dir () method on the class Demol. The Demol is a simple 
class. It neither contains any methods nor any attributes. However, by default it contains a list of 
special methods sorted in an ascending order as output of dir (). 


@ Note: For any class C, Table 10.1 gives a list of all the special attributes. 


Table 10.1 Special attributes of a class 


Attribute Meaning 

C.__class__ String name of class 
C.__doc__ Documentation string for class 
C_ dict_ Attributes of class 
C.__module__ Module where class is defined 


10.6 ACCESSIBILITY 


In Python, there are no keywords like public, protected or private. All attributes and methods are 
public by default. 
There is one way to define private in Python. The syntax to define private attribute and methods 
is 
__ Attribute 
__Methods_ Name () 


To make an attribute and a method private, we need to add two underscores, i.e. “__” in front of 
the attribute and the method’s name. It helps in hiding these when accessed out of class. 


PROGRAM 10.13 | Write a program to illustrate the use of private. 


class Person: 
Glee __alipsite __(s@lie)) 9 
self.Name = ‘Bill Gates’ #Public attribute 
self. BankAccNo =10101 #Private attribute 


def Display(self): 


(Contd.) 
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print(*‘ Name = ‘,self.Name) 


print (‘Bank Account Number = ‘,self. BankAccNo) 


P = Person () 
#Access public attribute outside class 


print(*‘ Name = ‘,P.Name) 

P.Display () 

#Try to access private variable outside class but fails 
print(‘ Salary = ‘,P.  BankAccNo) 

P.Displaay () 

Output 

Name = Bill Gates 

Name = Bill Gates 

Bank Account Number = 10101 

Traceback (most recent call last): #Error 


File “C:/Python34/PrivateDemo.py”, line 13, in <module> 
print(* Salary = ‘,P.  BankAccNo) 


AttributeError: ‘Person’ object has no attribute ‘  BankAccNo’ 


Explanation In the above program, we have defined public and private attributes. The private 
variable can be accessed within the function. We have created an instance of class Person, i.e. P to 
access the attributes defined within the class. 


However, it fails and shows an error when instance of class try to access private attributes 
defined inside the class & are accessed from outside the class. 


Note: Python hides a private name by changing its name to _ClassName__AttrName. This 
technique is termed as “mangling”. 


10.7 THE _ init_ METHOD (CONSTRUCTOR) 


There are many inbuilt methods in Python. Each method has its own significance. The importance 
of the __init__ method is explained ahead. 

The __init__ method is known as an initialiser. It is a special method that is used to initialise the 
instance variable of an object. This method runs as soon as an object of a class is instantiated. The 
syntax of adding __init__ method to a class is given as follows: 


class Class Name: 
Gleue _alimalic (syle) « #_ init | method 
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Note that init needs to be preceded and followed by two underscores. Also __init__ method must 
have self as the first argument. As self refers to the object itself, it refers to the object that invokes 
the method. The self-parameter within the __init__ method automatically sets the reference for 
the object just created. The __init__ method can also have positional and/or keyword arguments. 


PROGRAM 10.14 } Write a simple program using the init method. 


class Circle: 
Glee alimalic_ (SSL , foul) « 
self.pi = pi 
def calc_area(self,radius) : 
return self.pi*radius**2 
CiLSe@inaeile.(3), 4) 


print (* The areal of Cilzcle is \, Cl calc area (5))) 


Output 


Mae sues, Cie Chee ais) WV) .'5 


Explanation In the above program we have created a class named Circle. The class contains two 
different methods, viz. one is __init__ method and another calc_area() to calculate the area of a 
circle. Notice that in the above program we do not explicitly call the __init__ method. We have 
created an instance of the class Circle, i.e. Cl. While creating the instance of the class we have 
passed the arguments following the class name to initialise the instance variable of an object. 


10.7.1 Attributes and _ init Method 


Programmers can initialise the value of a member variable or attribute by making use of the 
__init__ method. Program 10.15 demonstrates the use of the __init__ method to initialise the 
attributes with some values. 


PROGRAM 10.15 }| Write a program to initialise the value of the attributes by making use of the init method. 


class Circle: 
joa = Os #Attribute pi 
radius = 0 #Attribute radius 
Glee alimalic _(S}@.1LNE)) 2 
Senki joo, = 3, ale) 
SeUht  cechius = 5 
def calc area(self): 
jonealione, (“imechive = “, seulie , revelaliuys))) 
return self.pi*self.radius**2 
CleCauee Le () 
print (~ The area of Cileele is) \, Ci callie area())) 
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Explanation Initially the attributes of the class Circle, i.e. pi and radius are initialised to Zero. 
With the help of the init method the value of the instance variable pi and radius are reinitialised to 
3.14 and 5. These values are initialised upon the creation of the instance of class, i.e. C1. Finally, the 
area of the circle is calculated by calling the method calc_area(). 


10.7.2 More Programs on __init__ Method 


PROGRAM 10.16 | Write a program to calculate the volume of a box. 


class Box: 
width 

height 
depth 

Volumes — 

Glee aliatstie__(sxS1Lie) 8 
self.width = 5 

self.height = 5 
seli-.depth = 5 

Gleic Geille. woul (Sellic)) 3 


3 #Member Variables 


t 


1 


0 
0 
0 
0 


t 


jonealinje (WaiGheles = “ , SrSILIE a yalelal) 
print (‘Height = ‘,self-height) 
print (‘depth = ‘,self.depth) 


return self.width * self.height * self.depth 
B1=Box () 
print (* The Volume of Cube 1s) ‘,B1 calle vol ()) 


Output 

Watelcla = § 
Bleieidie = 5 
Depth = 5 


The Volume of Cube is 125 


Explanation The member variable of class Box is initialised to zero. Thereafter, all the member 
variables, viz. width, height and depth are reinitialised to the value 5 by instantiating the object B1 
and using the init method. 


10.8 PASSING AN OBJECT AS PARAMETER TO A METHOD 


So far, we have learnt about passing any kind of parameter of any type to methods. 
We can also pass objects as parameter to a method. This is explained in Program 10.17. 
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PROGRAM 10.17 | Write a program to pass an object as parameter to a method. 


class Test: 
a = © 
iy = © 
Glee __alinalic, ~— (SG, 2 gp WS 
self.a = x 
self.b = y 
def equals(self, obj): 
ie (Clo) a S= Sele e. ela! Oley .l) S= SEE lo) ¢ 
ieSicibbeia “Wires 
else: 
return False 
Obj1 = Test (10,20) 
Obj2 = Test (10,20) 
Obj3 = Test (12,90) 
ul 


jsneakiote ((“ Oley il Sse Oloyj2 “ ,Olos/il ,ceibienliss (Olay) 2)) )) 


print (* Obj1l == Obj3 *‘,Obj1.equals (0bj3) ) 
Output 

Obj1 == Obj2 True 

Obj1 == Obj3 False 


Explanation In the above program, the equals () method inside the class named Test compares 
two objects for equality and returns a result. It compares the invoking object with one that is passed 
as parameter to the method. 


ob1.equals (ob2) 


As shown above, the invoking object is ob1 and the object being passed to the equals method 
is ob2. If the values of ob1 and ob2 contain the same value then the method returns True, else it 
returns False. 


PROGRAM 10.18 mes program to calculate the area of a rectangle by passing an object as parameter to 


class Rectangle: 
length = 0 
breadth = 0 


Glee limite (sieilig,, IL yy WA)s 
selt lengeh = i 
self.breadth =w 

def Calc Area(self, obj): 


(Contd.) 
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print (‘ Length = ‘,obj.length) 

print (‘ Breadth = ‘,obj.breadth) 

return obj.length * obj.breadth 
Obj1 = Rectangle (10,20) 


print (‘The area of Rectangle is ‘, Obj1.Calc Area(Obj1) ) 
Output 

Leng&eh = 10 

isheteyeloliclal = 20) 


The area of Rectangle is 200 


Explanation The object Obj1 of class Rectangle is instantiated. With the help of init method, the 
default values of length and rectangle are initialised to 100 and 200. The Obj1 itself is passed as 
parameter to the method Calc_area() and finally the area of the rectangle is computed. 


10.9 _ del__() (DESTRUCTOR METHOD) 


Like other object-oriented programming languages, Python also has a destructor. The method 
__del__ denotes the destructor and the syntax to define destructor is. 


def del (self) 


block 


Python invokes the destructor method when the instance is about to be destroyed. It is invoked 
one per instance. The self refers to the instance on which the __del__() method is invoked. In 
other words, Python manages garbage collection of objects by reference counting. This function 
is executed only if all the references to an instance object have been removed. Program 10.19 
illustrates the use of the __del__ method. 


PROGRAM 10.19 } Write a program to illustrate the use of the _del__ method. 


class Destructor Demo: 
def init (self): #Constructor 


print (‘Welcome’ ) 


Glico IE @ Nic) g #Destructor 
print (‘Destructor Executed Successfully’ ) 

Ob1=Destructor Demo () #Instantiation 
Cis2 = Oloil 
Ole2; = Olail #Object Ob2 and Ob3 refers to same object 
jonealiove, (( itel wie @loil = “,, akel(@loil)) )} 
joucalinie (* inel oie Clo = “all i(Olo2)) ) 
jonealiaie ( Itel Ge Clo = “, Cl (Clos) )} 


(Contd.) 
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del Ob2 #Remove reference Ob2 
del Ob1 #Remove reference Obl 
del Ob3 #Remove reference Ob3 
Output 
Welcome 

itel Gre Clo S| Ay RoaDy/y 

Id of Ob2 = 47364272 

inel Cie Oleg = Aly svealaye 
Destructor Executed Successfully 


Explanation In the above example, we have used constructor __init__ and destructor __del__ 
functions. Initially we have instantiated the object Ob1 and then assigned aliases Ob2 and Ob3 to 
it. The inbuilt function id() is used to confirm that all the three aliases reference to the same object. 
Finally, all the aliases are removed using the del statement. 


The destructor _ del__ is not invoked unless all the aliases are deleted. 
The destructor is called exactly once. 


#Program to demonstrate the above concept 
class Destructor Demo: 
def (anit (sellt): 
print (‘Welcome’ ) 
Gleie lS (SLE) 5 
print (‘Destructor Executed Successfully’ ) 
Ob1=Destructor Demo () 
OQoz = Cloil 
Clos = Oloil 
jonealiae (itl 
Id 
Id 


of 
Ole 
of 


Cloil = 
Ob2 = 
Olo2 = 


‘,id(Ob1) ) 
‘,1id(Ob2) ) 
* 7, aliel ((Oleys))) ) 


print (* 
jouealimie (° 
del Ob1 
del Ob2 


Output 


Welcome 


ixel Cie Oloil 
UGl Cie Clow 
iol Giz Olo)3} 


48347312 
48347312 
48347312 


#From the above program it is clear that the destructor __del__ is not invoked until all the 
references to the instance of class are removed. Thus, in order to invoke __del__, the reference 
count has to be decreased to zero. 
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10.10 CLASS MEMBERSHIP TESTS 


When we create an instance of a class, the type of that instance is the class itself. The inbuilt 
function isinstance(obj,Class_Name) is used to check for membership in a class. The function 
returns True if an object obj belongs to the class Class_Name. Program 10.20 demonstrates the use 
of the isinstance() function. 


PROGRAM 10.20 | Write a program to demonstrate the use of the isinstance() method. 


class A: 

pass 
class B: 

pass 
@ileisis) (Cis 

pass 
Ob1=A () #Instance of Class A 
Ob2=B () #Instance of Class B 
@MoZ=iC! ()) #Instance of Class C 
#Lets make use of isinstance method to check the type. 
>>> isinstance (Ob1,A) 
Wiel 
>>> isinstance (Ob1,B) 
False 
>>> isinstance (Ob2,B) 
Teele 
>>> isinstance (Ob2,C) 
False 
>>> isinstance (Ob3,B) 


False 


>>> isinstance (Ob3,C) 


True 


10.11 METHOD OVERLOADING IN PYTHON 


Most object-oriented programming languages contain the concept of method overloading. It simply 
refers to having multiple methods with the same name which accept different sets of arguments. 
Let us consider the code below to understand method overloading. 


class OverloadDemo: 
def add(self,a,b): 
print (a+b) 
def add(self,a,b,c): 
print (a+b+c) 
P = OverloadDemo () 
P.add(10,20) 
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If we try to run the code above, it will not execute and show the following error. 


Traceback (most recent call last): 
File “C:/Python34/Overload_Demo.py”, line 7, in <module> 
P.add(10,20) 


TypeError: add() missing 1 required positional argument: ‘c’ 


This is because Python understands the last definition of the method add(self, a, b ,c) which 
takes only three arguments apart from self. Therefore, while calling the add() method it is forced 
to pass three arguments. In other words, it forgets the previous definition of method add (). 


& Note: C++ and Java support method overloading. Both the languages allow more than one methods 
with same name and different signature. The type of method argument defines the signature. In case of 
overloading, the signature determines which method is actually being invoked. 

However, Python does not allow method overloading based on type as it is not strongly typed language. 


The above program on method overloading can be solved by using the inbuilt function 
isinstanceof. 


PROGRAM 10.21 | Write a program on method overloading. 


class Demo: 
result = 0 
def add(self,instanceOf=None, *args): 
abi alisisieeieyoleOle Se “alinie’ 2 
self.result = 0 
até alinsieeiayeeOie Sa “sicie’ 2 
self.result = 


icone al, aligk fete isle 


self.result = self.result + i 


return self.result 


D1=Demo () 

joncalione. (IDL exelel (> alimie” , 110 ,2O,, 20) ) 

jonealiave (IDL eyclol (“ies “ I“, *% dene “ , \ IByAclaor “©, “ ieheeresceiimalias; “)) )) 
Output 

60 


I Love Python Programming 


Explanation The instance of class Demo named D1 is created. The method add () is called twice. 
The first and second call to add() methods are: 


#First Call 
Dil.add(‘int’, 10,20,30)) 
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#Second Call 
Dl.add(‘str’, ‘ I ‘, * Love * , * Python ‘, * Programming ‘) 


The instanceof method checks the type of the first parameter being passed to the add () method. 
It stores the value of result process based upon type. 


Writea program to display a greeting message. Createaclassnamed MethodOverloading. 
PROGRAM 10.22 Define the function greeting() having one parameter Name. 
Input: obj.greeting|) 
Output: Weclome 
Input: obj.greeting(‘Donald Trump’) 
Output: Weclome Donald Trump 


class methodOverloading : 
def greeting(self, name=None) : 
if name is not None: 
print (“Welcome “ + name) 
else: 


print (“Welcome” ) 


# Create an object referencing by variable obj 


obj = methodOverloading() 


# call the method greeting without parameter 
obj .greeting() 


# call the method with parameter 


obj .greeting(‘Donald Trump’ ) 


In Python, method overloading is a technique to define a method in such way that there are 
more than one ways to call it. This is different from other programming languages. 


10.12 OPERATOR OVERLOADING 


The idea of operator overloading is not new. It has been used in various object-oriented programming 
languages, such as C++ and Java. It is one of the best features of a programming language since 
it makes it possible for a programmer to interact with objects in a natural way. It is the ability to 
define a data type which provides its own definition of operators. A programmer can overload 
almost every operator, such as arithmetic, comparison, indexing and slicing, and the number of 
inbuilt functions, such as length, hashing and type conversion. Overloading operators and inbuilt 
functions makes user defined types to behave exactly like built-in types. 
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10.12.1 Special Methods 


To support operator overloading, Python associates a special method with each inbuilt function 
and operator. Corresponding to the special method, Python internally converts an expression into 
a call to perform a certain operation. For example, if a programmer wants to perform a sum of 
two operands then he/she writes x + y. When Python observes the + operator, it converts the 
expression x + y to call a special method __add__. Thus, to overload the + operator, he/she needs 
to include the implementation of the special method __add__ 


The details for special methods for arithmetic operations are explained ahead. 


10.12.2 Special Methods for Arithmetic Operations 


Python supports various arithmetic operations, such as addition, subtraction, multiplication and 
division. It associates a special method with each arithmetic operator. A programmer can overload 
any arithmetic operation by implementing the corresponding special method. A list of arithmetic 
operators with their corresponding special method is given in Table 10.2. 


Table 10.2 Special methods for operator overloading 


Operation Special Method Description 

X+Y __add__(self, Other) Add X and Y 

X-Y __sub__(Self, Other) Subtract Y from X 

X*VY __mul__(self, Other) Product of X and Y 

X/Y __truediv__(self, Other) Y divides X and it shows the quotient as its output 
X//Y __floordiv__(self,Other) Floored quotient of X and Y 

X % Y __mod__(self, Other) X mod Y gives a remainder when dividing X by Y 
-X __neg__(self) Arithmetic negation of X 


Program 10.23 illustrates operator overloading for adding two objects. 


PROGRAM 10.23 | Write a program to overload the + Operator and perform the addition of two objects. 


class OprOverloadingDemo: 
def init (sellt,; xX): 
self.X = X 


clez __eiclel (SSE, Elakere)) 2 
jomeakioe (* whee seule or Ologl SY’ , Seilie x6) 
jonealioie ((% Wes well owe Oly? =" , Oielseie >) 
print (‘ The Addition of two objects is:’,end='’) 
return ((self.X+other.X) ) 


Ob1 = OprOverloadingDemo (20) 


Ob2 = OprOverloadingDemo (30) 


(Contd.) 
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Oo? = Oloil 45 Clow 
print (Ob3) 


Output 


The value of Obl = 20 
The value of Ob2 = 30 
The Addition of two objects is: 50 


Explanation In the above example, we have applied the + operation on two instances, Ob1 and 
Ob2. When we sum these two objects, the representation is as follows: 


Ob3 = Ob1 + Ob2 
As the above statement contains the + operator, Python automatically invokes the __add__ 


method. In the __add__ method, the first parameter is the object on which the method is invoked 
and the second parameter is other, which is used to distinguish from self. 


Note: It is the responsibility of Python to call a method based on the types of operand of the operator 
involved while adding two objects. 

Example: If a programmer writes Ob! + Ob2, it will call the int class __add__ method if ob] is an 
integer. It will call float types __add__ method if ob] is float. This is because object on the left side of 
the + operator corresponds to the object on the right side. 

Writing Ob1 + Ob2 is equivalent to Ob1.__add__(Ob2) 


10.12.3 Special Methods for Comparing Types 


Comparison is not strictly done on numbers. It can be made on various types, such as list, string 
and even on dictionaries. 

If you are creating your own class, it makes sense to compare your objects to other objects. Similar 
to the arithmetic operators’ above, a programmer can overload any of the following comparison 
operators. We can use the following special methods to implement comparisons. 


Table 10.3 Special methods for comparison operators 


Operation Special Method Description 

X== Y __eq__(self, other) is X equal to Y? 

xXx<Y __It__(self, other is X less than Y? 

X <=Y __le__(self, other) is X less than or equal to Y? 
X>yY __gt__(self, other) is X greater than Y? 

X>=Y __ge__(self, other) is greater than or equal to Y? 


Program 10.24 demonstrates operator overloading for comparing two objects. 
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PROGRAM 10.24 | Write a program to use special methods and compare two objects. 


class CmpOprDemo: 
def init (self@,;X); 
self.X = X 


Glee dhe (self,other) : 


joreainje (Waves well ore Old SS” , SEVME .»0) 
joncalione. (Wav) ellie, Oe OloA =” , @jelaveie 3x) 
joreatiaie ( Oloil << Olo® 3” , Siac” ” }} 


return self.X <other.X 


cle gfe (Siellie , @ielaiaue) ¢ 
jonealinie (“ lol S Olek 2% ,eiavel=” ”)} 


return self.X > other.X 


cloc Ie. (seid, @ielaieue) 
jorcaliaie (“ Oloil c= Olo2 27 ,cincla” ”)) 
return self.X <= other.X 

Ob1 

Ob2 CmpOprDemo (30) 

joncaliove. ( Oli = Clo® }} 

jonealiaie ( Ooi > Clo2 )}} 


joncalione (( lol, <= Clo® )) 


CmpOprDemo (20) 


Output 


The value of Obl = 20 
The value of Ob2 = 30 
Goi << OloA paras 

Ob1 > Ob2 :False 

Ob1 <= Ob2 :True 


Explanation In the above example, we have applied <, > and <= operator on two instances, Ob1 
and Ob2. Therefore, when we need to check if one object is less than other it appears as 


Ob1 < Ob2 


As the above statement contains the < operator, Python automatically invokes the __lt__ method. 
Whenever Python observes > and <= operators, it invokes ___gt__ and __ge__ methods. 


10.12.4 Reference Equality and Object Equality 


Consider the following example which gives more details about equality operators in Python. 


>>> Obl = 50 
>>> Ob2 = 60 
>>> Ob3 = Obl 
>>> id(Ob1) 
1533264672 

>>> id(Ob2) 
1533264832 

>>> Obl is Ob2 
False 

>>> Ob3 is Obl 
True 

>>> Ob4 = 50 
>>>Ob1 == Ob4 


>>>True 
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The above example can be illustrated as shown in Figure 10.1. 


Figure 10.1 Variable referencing objects 


In Figure 10.1, objects are referenced by variables, viz. Obl, Ob2, Ob3 and Ob4. From the figure, 
Ob1, Ob3 and Ob4 refer to the same object but Ob2 refer to other object. Programmer can make use 
of following two ways to check the equality of objects. 


1. Reference equality: If two references are equal and refer to the same object then it is said to 
be a case of reference equality. The inbuilt id() function gives the memory address of the 
object, i.e. identity of the object. The is and is not operator test whether the two variables refer 
to the same object. The implementation of statement i.e. Ob1 is Ob2 checks whether id of Ob1, 
i.e. id(Ob1) and id(Ob2) are the same. If they are same, it returns True. In the above example 
as Ob1 and Ob? reside at different memory locations, the statement Ob1 is Ob2 returns False. 

2. Object equality: When two references hold two different/same objects and if the values of the 
two objects are equal then it is said to be object equality. Thus, in the above example, Ob1==Ob3 
and Ob1== Ob4 return True since both of them refer to the object with the same value. 
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10.12.5 Special Methods for Overloading Inbuilt Functions 


Like operators, we can also overload inbuilt functions. Several inbuilt functions can be overloaded 
in a manner similar to overloading normal operators in Python. Table 10.4 contains some common 
inbuilt functions. 


Table 10.4 Special methods for inbuilt functions 


Operation Special Method Description 

abs(x) __abs__(Self) Absolute value of x 

float(x) __float__(self) Float equivalent of x 

str(x) __str__(self) String representation of x 

iter(x) __itr__(self) Iterator of x 

hash(x) __hash__(self) Generates an integer hash code 
for x 

len(x) __len__(self) Length of x 


10.13 INHERITANCE 


Inheritance is one of the most useful and essential characteristics of object-oriented programming. 
The existing classes are the main components of inheritance. New classes are created from the 
existing ones. The properties of the existing classes are simply extended to the new classes. A 
new class created using an existing one is called a derived class or subclass and the existing 
class is called a base class or super class. An example of inheritance is shown in Figure 10.2. The 
relationship between base and derived class is known as kind of relationship. A programmer can 
define new attributes, i.e. (member variables) and functions in a derived class. 


Attribute A 


Attribute B 
,___»} Base Class or 
Super Class 


Method A() 


J 


Attribute A | 


Attribute B 


Method_B() |__| 


Subclass or 
Derived class 


Method_C() 


Figure 10.2 Simple example of inheritance 
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The procedure of creating a new class from one or more existing classes is called inheritance. 


10.14 TYPES OF INHERITANCE 


We have covered simple examples of inheritance using one base class and one derived class. The 
process of inheritance can be simple or complex according to the following: 
1. Number of base classes: A programmer can use one or more base classes to derive a single 
class. 
2. Nested derivation: The derived class can be used as the base class and a new class can be 
derived from it. This is possible at any extent. 
Inheritance can be classified as: (i) single inheritance, (ii) multilevel inheritance and (iii) multiple 
inheritance. Each of these has been described in detail as follows: 
(i) Single inheritance: Only one base class is used for deriving a new class. The derived class is not 
used as the base class. 


P is a base class. Q isa 
| derived class. This type 


involves one base and one 
derived class. Further, no 
Q class is derived from Q. 


Figure 10.3 Single inheritance 


(ii) Multilevel inheritance: When a class is derived from another derived class, the derived class 
acts as the base class. This is known as multilevel inheritance. 


X is a base class. Y is 
Y derived from X. Z is derived 
from Y. Here, Y is not only a 


Y: 
derived class but also a base 
class for Z. And Z can be used 
v as a base class. 
Z 


Figure 10.4 Multilevel inheritance 


(iii) Multiple inheritance: When two or more base classes are used for deriving a new class, it is 
called multiple Inheritance. 
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X and Y are base classes. Z is 
xX a derived class. Class Z 

inherits properties of both X 
and Y. Further, Z is not used 
Zz as a base class. 


Figure 10.5 Multiple inheritance 


10.15 THE OBJECT CLASS 


Every class in Python is derived from the object class. The object class is defined in the Python 
library. Consider the following example of class. 


Example 


class className: Equivalent to class className (object) : 


Pass <P Pass 


(a) (b) 


Figure 10.6 The simple class example 


Figure 10.6 describes classes in Python. If no inheritance is specified when a class is defined then 
by default the class is derived from its super class object. 


10.16 INHERITANCE IN DETAIL 


Inheritance is a powerful feature of object-oriented programming. It helps creating a new class 
with little or no modifications on the existing class. The new class called subclass or derived class, 
inherits the features of its base class. The syntax to define inheritance (i.e. to inherit a single base 
class) in Python is: 


Class Derived_Class Name(Single Base Class Name) : 


Body _of Derived _Class 


The syntax to inherit multiple base classes is: 


Class Derived_Class Name (Comma_Seperated_Base_ Class Names) : 


Body_of Derived Class 


Program 10.25 demonstrates the concept of single inheritance. 
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PROGRAM 10.25 | Write a simple program on inheritance. 


class A: 

print (‘Hello I am in Base Class’ ) 
class B(A): 

print (‘Wow!! Great ! I am Derived class’ ) 
ob2 = A() #Instance of class B 


Output 


Hello I am in Base Class 


Wow!! Great! I am Derived class 


Explanation In the above program, we have created the parent class, i.e. (base class) class A and 
child class class B(A): (also called the derived class). The ‘A’ inside the brackets indicates that class 
B inherits the properties of its base class A. The instance of the derived class, i.e. the instance ob2 is 
invoked to execute the functionality of the derived class. 


Write program to create a base class with Point. Define the method Set_Cordinate(X, 
Y). Define the new class New_Point, which inherits the Point class. Also add draw () 
method inside the subclass. 


PROGRAM 10.26 


Class Point: #Base Class 
def Set Cordinatesi(sellt, x, Yi): 
Syedlie 2 SK 
g@llie Wo SV 
class New Point (Point) : #Derived Class 


def draw(self) : 


jonciliaie. (* Ieee Boslinic 3 


W psieulie 2, Ola 2 Ebeile\” )) 


\ Bieulie owe, & Ola We evils” )) 


jorealiaie (°° IneYeNES) Bre slinic, We 


P = New Point () #Instance of Derived Class 
P.Set_Cordinates (10,20) 
P.draw() 


Output 


10 On X axis 
ZO Ci W esis 


Locate Point X 


Locate Point Y 
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Explanation The instance of the derived class P is created. It is used to initialise the two member 
variables, X and Y. Set_Cordinates() method is used to initialise the values of X and Y. The 
instance, P can access this method since it has been inherited from the parent class. Finally, the 
draw() method is called to draw the point. Thus, the child class New_Point has access to all the 
attributes and methods defined in its parent class. 


10.17 SUBCLASS ACCESSING ATTRIBUTES OF PARENT CLASS 


Consider Program 10.27 where attributes of the parent class are inherited by its child class. 


PROGRAM 10.27 | Write a program to inherit attributes of the parent class to a child class. 


class A: # Base Class 
i = © 
j] = 0 
def Showij (self): 
joseatione (“al = Gini ai, 5) = *, SeINE .3)) 
class B(A): #Class B inherits attributes and methods of class A 
K = © 
def Showijk(self): 
jopeatioie, (Yah SS eyenlie sh? 5) a YP SGibe ay le SY, iSulte aie) 
def sum(self): 
jonealsgtie ((S al te Gp ee eS SGI cl eb faIae sy 4h Sipe 5h) 
Oloi = mI) #Instance of Base class 
Ob2 = B() #Instance of Child class 
Col, = LOO 
Ob1.j = 200 
print(‘ Contents of Obj1 ‘) 
Ob1.Showij () 
Gog. = 100 
Ob2.j = 200 


Ob2.k = 300 

jenealiatie. ((Y (CefalieSiiels. ye Oleyj/2 ~)) 

Ob2.Showij() #Sub class Calling method of Base Class 
Ob2 . Showijk () 

joneatiotie. (* Shum Gx al, 3} eiavel Ye sii Clo2” } 

Ob2.sum() 


Output 


Contents of Obj1 
i= 100 j = 200 


(Contd.) 
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Contents of Obj2 

i= 100 j = 200 

i = 100 7 = 200 k= 300 
Soi OH a, 5] ehavel be alsa Olax 

aL db 5] 4b Te = 600 


Explanation In the above example, the subclass B includes all the attributes of its base class A. 
This is why Ob2 can access i, j and call method showij(). 


10.18 MULTILEVEL INHERITANCE IN DETAIL 


The procedure of deriving a class from a derived class is called multilevel inheritance. 


Class B Middle Base Class 


| Class C |» Derived Class 


Figure 10.7 Multilevel inheritance 


PROGRAM 10.28 | Write a simple program to demonstrate the concept of multilevel inheritance. 


class A: #Base Class 
name = * * 


ase = @ 


class B(A): #Derived Class inheriting Base Class A 
height at 


class C(B): #Derived Class inheriting his Base Class B 
weight ae 


def Read(self): 
print (‘Please Enter the Following Values’ ) 


self .name=input (‘Enter Name: ’ ) 


self.age = (int (input (‘Enter Age:’))) 
self.height = (input(‘Enter Height:’) ) 
self.weight = (int (input (‘Enter Weight:’))) 


def Display(self): 


(Contd.) 
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print (‘Entered Values are as follows’ ) 


print(‘ Name = ‘,self.name) 
print(‘ Age = ‘,self.age) 
print(‘ Height = ‘,self-.height) 
print(‘ Weight = ‘,self.weight) 
Bil = C() #Instance of Class C 
B1.Read() #Invoke Method Read 
B1.Display () #Invoke Method Display 


Output 


Please Enter the Following Values 
Enter Name: Amit 

Enter Age:25 

Enter Height:5,7’ 

Enter Weight:60 


Entered Values are as follows 


Name = Amit 
Age = 25 
EiSaCije = 5, 7% 
Weight = 60 


Explanation In the above program class A, B and C are declared. The member variables of all 
these classes are initialised with the default value as zero. Class B is derived from class A. Class C 
is derived from class B. Thus, class B acts as the derived class as well as the base class for class C. 
The method read () reads data through the keyboard and the method Display() displays data on 
the screen. Both the functions are invoked using the object B1 of class C. 


10.19 MULTIPLE INHERITANCE IN DETAIL 


When two or more base classes are used for derivation of a new class, it is called multiple 
inheritance. Let us create a two base classes A, B and one child class C. The child class C inherits 
the classes A and B. 


A B = ———- Base Class A and B 


Se 


Cc x«—————- Subclass C inherits A and B 


Figure 10.8 Example of multiple inheritance 
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PROGRAM 10.29 | Write a simple program to demonstrate multiple inheritance. 


class A: #Base Class A 
ema 
class B: #Other Base Class B 
I) = 
class C(A,B): #Inherit A and B' to create New Class C 
CSG 
def Read(self) : 
Sule el = ((alighe ((abiayoyulc; ( idimieeue icles) Weillivie tone eis” )))))) 
self.b =(int (input (‘Enter the value of b:’))) 
SeIsE,@ = (Clinic (alinjoulic, (Sinimieeue jell; welll oie Clg” ))))) 
def display(self): 
joxcalinie (“ 2 = “Selle .@) 
jonealinje ( Joy = , SEUISE .19) 
jorcalinge (* @ = *, selkE.c) 
Ob1 = C() #Instance of Child Class 
Ob1.Read () 


Ob1.display () 


Output 


Enter 

Enter 

Enter 
as= 
b= 


c= 


the Value of a:10 
the value of b:20 
ile) wellness Ci @s 30) 


iL@) 
20 
30 


Explanation In the above program we have created two base classes A and B. Class C is created, 
which inherits the properties of classes A and B. The statement class C(A, B) is used to inherit the 
properties of classes A and B. Finally, the instance of subclass C is used to call method read and 


display. 


10.19.1 


We have created the parent class Box. The constructor __init__ is used to initialise all the attributes 
of the class Box. Similarly, the subclass named ChildBox is created. The extra attribute named 
weight is added to the child class, ie. weight. Thus, all the attributes of the base class along with 
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the attributes of the child class are initialised in the constructor of the child class by making use 
of the _ init__ method. 


PROGRAM 10.30 | Write a program to calculate the volume of Box using the init() method. 


Class Box: 


width = 0 
height = 0 
depth = 0 


défi anit (sellt WH, Db): 
self.width = W 
self.height = H 
seli.depth = D 
def volume (self): 
return self.width * self.height * self.depth 


class ChildBox (Box) : 

weight = 0 

def (init (selt, WH, DWI): 
self.width = W 
self.height = H 
selt.depth = D 
self.weight = WT 

def volume (self): 
return self.width * self.height * self.depth 


Bl = ChildBox(10,20,30,150) 
B2 = ChildBox(5,4,2,100) 
vol = Bl.volume () 


print(* ----- Characteristics of Boxl ---- ‘) 
jonealione ( \alcliclan = “ , 1ENIL .\walyelelal)) 

jongulinve, ( laveulofaic = ™ , 1h. lsveskejaie,)) 

print (‘ depth = ‘,Bl.depth) 

print(‘ Weight = ‘,Bl.weight ) 

jonealiaue, ((“ WolltuiMme Ol Rod = » , swell) 

print(* ----- Characteristics of Box2---- ‘) 
josealinie,((% \yfalilicln = “12 .\vakGhelat)) 

print(‘ height = ‘,B2.height) 

print (‘ depth = ‘,B2.depth) 

print(‘ Weight = ‘,B2.weight ) 


vol = B2.volume() 


joncalione (* Wrollivine: ne Ilo? =" Wolk) 


(Contd.) 
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Output 

HSsse Characteristics of Boxl ---- 
Waicleia = iLO 

height = 20 

depth = 30 

Weight = 150 

Volume of Boxl = 6000 

----- Characteristics of Box2---- 
Wiclcian = § 

height = 4 

depen = 2 

Weight = 100 


Volume of Box2 = 40 


10.20 USING super() 
Consider the following program. 


PROGRAM 10.31 


class Demo: 


ea 
1 = @ 
Sg. 


def anit (sell, A,B, ©): 
self.a =A 
self.b 
Sokince— me 

def display(self): 
print (self.a,self.b,self.c) 


ll 
w 


class NewDemo (Demo) : 


Gl = 0 
Giese __alimiahie (SiGe, ZN, 153, (Cp DY) § 
self.a =A 
self.b = 8B 
Sokence— ae 
self.d = D 


def display(self): 
print (self.a,self.b,self.c,self.d) 


(Contd.) 
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B1 = Demo(100, 200,300) 

print(* Contents of Base Class’) 
Bl.display () 
D1=NewDemo (10, 20,30,40) 

print(‘ Contents of Derived Class’ ) 
D1.display () 


Output 


Contents of Base Class 

LOO 200300 

Contents of Derived Class 
10 20 30 40 


In the above program, the classes derived from the base class Demo were not implemented 
efficiently or robustly. For example, the derived class NewDemo explicitly initialises the value 
of A, B and C, fields of the Base class. The same duplication of code is found while initialising 
the same fields in the base class Demo, which is inefficient. This implies that a subclass must be 
granted access to the members of a super class. 

Therefore, whenever a subclass needs to refer to its immediate super class, a programmer can 
do so by using super. The super is used to call the constructor, i.e. the __init__ method of the super 
class. 


10.20.1 Super to Call Super Class Constructor 


Any subclass can call the constructor, i.e. the __init__ method defined by its super class by making 
use of super. The syntax to call the constructor of a super class in Python 3.X is: 


super(). init (Parameters of Super class Constructor) 


The syntax to call the super class constructor from its base class in Python 2.X is: 


super (Derived Class Name,self). init (Parameters of Super class Constructor) 


Consider the above program and use super to avoid duplication of code. 


PROGRAM 10.32 | Use super() and call the constructor of the base class. 


class Demo: 


cos ae. 
in = © 
@Qr= 10) 


(Contd.) 
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kee alison. ((siulie , 4, 185,,)) 8 
self.a =A 
self.b = 8B 
Sele. = © 
def display(self): 
print (self.a,self.b,self.c) 


class NewDemo (Demo) : 


cl = 0 
def init (self ,A, B,C, D): 
self.d =D 
super(). init (A,B,C) #Super to call Super class 


# init method 
def display(self): 
jonealione, (Syeulie el, syeulhe Alo) feyeulue ol, Syeulae cel) 


B1 = Demo(100, 200,300) 

print(* Contents of Base Class’) 
Bl.display () 
D1=NewDemo (10, 20,30,40) 

print (‘ Contents of Derieved Class’ ) 
D1.display () 


Output 


Contents of Base Class 
LOO 200" 300 

Contents of Derived Class 
10 20 30 40 


Explanation The derived class NewDemo() calls the super()with arguments a, b and c. This 
causes the constructor __init__ of the base class, i.e. Demo to be called. This initialises the values of 
a, b and c. The NewDemo() class no longer initialises these values itself. 


10.21 METHOD OVERRIDING 


In class hierarchy, when a method in a sub class has the same name and same header as that of a 
super class then the method in the sub class is said to override the method in the super class. When 
an overridden method is called, it always invokes the method defined by its subclass. The same 
method defined by the super class is hidden. Consider the following example to demonstrate the 
concept of method overriding. 
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PROGRAM 10.33 | Write a program to show method overriding. 


class A: #Base Class 
i = © 
def display(self): 
print(* I am in Super Class’) 
class B(A): #Derived Class 
i = 0 
def display(self): #Overridden Method 


print(*‘ I am in Sub Class’) 


Dil = Bh) 
D1.display () 


Explanation In the above program when display () method is invoked on an instance of B, the 
method display () defined within B is invoked. Therefore, the method display () overrides the 
method display () defined in the base class A. 


Programmer can make use of super to access the overridden methods. The syntax to call the 
overridden method that is defined in super class is 


super () .method name 


The above same program 10.33 is given below except, the overridden method defined in super 
class is accessed by using super (). 


class A: #Base Class 
i = ©) 
def display(self): 
print(*‘ I am in Super Class’) 
class B(A): #Super Class 
i = 0 
def display(self): #Overriden Method 


print(*‘ I am in Sub Class’) 
super().display() #Call Display method of Base class 


Dl = B() #Instance of sub class 
D1.display () 


Output: 


I am in Sub Class 


I am in Super Class 
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From this program we have learnt how to call overridden methods using super. 


10.22 PRECAUTION: OVERRIDING METHODS IN MULTIPLE 
INHERITANCE 


As discussed before, in multiple inheritance there is at least one class which inherits the 
properties from two or more classes. Sometimes multiple inheritance can be so complex that some 
programming languages put restrictions on it. 

Consider Program 10.34 on multiple inheritance where method named display () has been 
overridden. 


PROGRAM 10.34 | Program to override Display() method in multiple inheritance. 


class A(object): 
def Display(self): 


jopeatione (°° Tt ima alia, ZV) 


class B(A): 
def Display(self): 
josealiave ( It ein Sksav 183”) 
A.Display(self) # call the parent class method too 


class C(A): 
def Display(self): 
jgsestione (“IC Bim alm (C%) 
A.Display (self) 


class D(B, C): 
def Display(self): 
jorealiae, (> 3k ei alia DY”) 
B.Display (self) 
C.Display (self) 


Gls = D)(() 
Ob .Display () 


Output 


am in 
am in 
am in 


am in 


H HH HH 
2. 2 Db 


am in 
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The problem with the above method is that A.Display method has been called twice. If we have 
a complex tree of multiple inheritance then it is very difficult to solve this problem by hand. We 
have to keep track of which super classes have already been called and avoid calling them a second 
time. 

Therefore, to solve the above problem, we can make use of super. Consider the same program 
with some modifications. 


class A(object): 
def Display(self): 


jouealiave (Ik ein Shia ZV) 


class B(A): 
def Display(self): 
joneakione (°° It gla) “Glial 15)”’)) 
super().Display() # call the parent class method too 
class C(A): 


def Display(self): 
jguealsats (Ie liga alia (C7) 


super () .Display () 


GIbAgis! IDG, ©) s 
def Display(self): 
jorealiae, ( IE ii) ahi 10)” ) 
super () .Display () 
Qs = iD) 


H H H H 
o 
eB) 

Be yeree ays yes 
3} 

te! ©) Ie) (S) 


Therefore, by using super, the method inside multiple inheritance hierarchy gets exactly called 
once and in the right order. 


UN eds teN| etme Arithmetic Operations on Complex Numbers 


This mini project will make use of various concepts of object-oriented programming such as 
constructor, self-parameter, creating instance of class and overloading of inbuilt functions. 
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Explanation of Complex Numbers 


Complex numbers can be written in the form a + bi where a and b are real numbers and i is the 
unit imaginary number, i.e. ~—1. The values of a and b can be zero. Complex numbers contain two 
parts, viz. real and imaginary. 


Valid examples of complex numbers are 


2+ 6i,1-1,4+ 01 


Addition of Two Complex Numbers 


Consider two complex numbers (a + bi) and (c + di). In case of addition, add the real parts and then 
add the imaginary parts. 


(a + bi) + (c+ di) =(a+o+(b+d)i 
(2+ 1i) + (5 + 6i) = (2+ 5) + (1+ 6)i = (747i) 


Subtraction of Two Complex Numbers 


Consider two complex numbers (a + bi) and (c + di). In case of subtraction, subtract the real parts 
and then subtract the imaginary parts. 


(a+ bi) - (c + di) = (a-c) + (b- d)i 
(2 +1i) - (5 + 6i) = (2-5) + (1-6)i=(3-5i) 


Multiplication of Two Complex Numbers 
Consider two complex numbers (a + bi) and (c + di). Multiplication of two such complex numbers 
is: 


(a + bi) * (c + di) = (ac — bd) + (ad + boi 
(2 + 1i) * (5 + 6i) = (2*5 - 1*6) + ((2*6)i +(1*5)i ) 


=44+17i 


PROBLEM STATEMENT | Write a program to perform the following operations on complex numbers. 


(a) Addition 

(b) Subtraction 

(c) Multiplication 

(d) Check if two complex numbers are equal or not 
(e) Check if C1 >= C2 

(f) Check if C1 <= C2 
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Note: Make use of the following inbuilt methods to implement the above functions. 
__add_ method to overload + Operator 

__sub__ method to overload — Operator 

__mul__ method to overload * operator 

__le__ method to overload < operator 

__ge__ method to overload > operator 


Algorithm 


© STEP 1: Create a class named Complex. 


© STEP 2: Create the constructor of the class Complex using the init method. The constructor 
will have two parameters, viz. one each to store the real and the imaginary part. 


© STEP 3: Create such other methods for add, sub, mul to perform addition, subtraction and 
multiplication, respectively. Define all the functionalities of these operations by 
making use of inbuilt functions. 


© STEP 4: Also define the inbuilt methods to check if two complex numbers are equal or if the 
first complex number is greater than the second. 


© STEP 5: Create two instances of Complex class C1 and C2 to declare two complex numbers. 


© STEP 6: Use these two instances to perform all the operations. 


Solution 


class Complex (object) : 
def init (self, reall, imag=0.0) : 
Sieulie satel = seen 


self.imag = imag 


def print Complex Number (self) : 
joncatinien( (Y sieve sseSieull, © , ©, i@ulae , stimeney,”? )) “)} 


Gla _ erelel (slic, @wlatexe)) ¢ 


return Complex(self.real + other.real, 


self.imag + other.imag) 


Glee sill (SSILIE , @ielaveue)) 2 
return Complex(self.real - other.real, 
self.imag - other.imag) 


Glez _imibul (SLE, © lakeue?) g 
return Complex (self.real* other. real 


(Contd.) 
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- self.imag * other.imag, 
self.imag* other.real + 


self.real * other.imag) 


Glee Se (S@llhie , @ielalSie) = 


return self.real other.real and 


other.imag 


self.imag 


Glee oS (self, other) : 


return self.real < other.real and self.imag < other.imag 


Glee S(t, @ielavexe)) g 
return self.real > other.real and self.imag > other.imag 


C1 = Complex(2, 1) 
print (‘First Complex Number is as Follows:’) 


Cl.print Complex Number () 


C2 = Complex(5, 6) 
print (‘Second Complex Number is as Follows:’) 
C2.print Complex Number () 


print (‘Addition of two complex Number is as follows:’) 
C2 Clee ez 
C3.print Complex Number () 


print (‘Subtraction of two Complex Number is as follows:’) 
CA Clee? 
C4.print Complex Number () 


print (‘Multiplication of two Complex Number is as follows:’) 
Cc Gil i cA 
C5.print Complex Number () 


print (‘Compare Two Complex Numbers: ’ ) 
jonealiaie ( (Cal == C2) )) #Returns true if equal 


#Returns false if not 


print (‘Checking if Cl is Greater than C2:’) 
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juealinte (Cl S= CA) 


print (‘Checking if Cl is Less than C2:’) 
joxerinve (CI, <= CP) 


Output 

First Complex Number is as Follows: 
Pin ty, it )) 

Second Complex Number is as Follows: 
B , ©) 

Addition of two complex Number is as follows: 
Lens Oe v ) 

Subtraction of two Complex Number is as follows: 
=} 4 = 5y.)) 

Multiplication of two Complex Number is as follows: 
ae; iby) 

Compare Two Complex Numbers: 

False 

Checking if Cl is Greater than C2: 

False 

Checking if Cl is Less than C2: 

IWabiS 


Thus, in the above program we have effectively used inbuilt methods to overload various 
operators, such as +, - , * >=, <= and == operators. 


SUMMARY 
ee 
¢ The class is fundamental building block of python’s object-oriented programming. 
¢ Attributes and methods can be added inside the class definition. 
¢ Instantiation refers to creation of new object. 


¢ Self parameter is used to distinguish between normal method defined outside the class and the 
method defined within the class. 


¢ The _init__ method is similar to the constructor of other programming language. 

¢ The _del__i.e. destructor method is invoked when instance is about to be destroyed. 

¢ Operator and method overloading have been discussed in brief in this chapter. 

¢ The concept of inheritance is used to extend the properties of base class to its child class. 


KEY TERMS 
ee 


= class: Type in Python 
= object: Instance of class 


GUC FRESE 
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dot (.) Operator: Access methods and attributes of a class 
Instantiation: Process of creating new objects 

Self-parameter: References the object itself 

Accessibility: Prevents access 

__init__: Initialiser (Constructor) 

__del__: Destructor 

Operator Overloading: Associates a special method for each operator 
Inheritance: Creates a new class from an existing class 

Single, Multiple, Multilevel: Types of inheritance 

super Keyword: Used for method overriding 


REVIEW QUESTIONS 
ee 
A. Multiple Choice Questions 
1. What is the relation between object and class? 
a. A class is an instance of an object b. An object is an instance of an object 
c. An object is an attribute of a class d. None of the above 
2. Which method should be used to create default values in a class constructor? 
a. __doc__ b. __new__ 
c. __init__ d. __del__ 


Instantiation is a process of: 


a. Destroying an object b. Initialising an object with a default value 
c. Creating a new object with a default value d. None of the above 
What method is called when an object is created? 
a. Self b. obj.self 
c. init d int 


We have an object instance obj and want to call its method calc_area(). Which is the correct way of 
calling the function calc_area()? 


a. obj.calc_area(self) b. calc_area.obj() 
c. obj.calc_area() d. calc_area.obj(self) 
Method overriding is 


a. A method with different name, 
b. A method in a subclass which has the same name and same header as that of the super class 
c. Botha and b 
d. None of the above 
What is used to create an object? 
a. Constructor b. Class 
c. Method 
Which of the following statements are true? 


aa 


None of the above 


a. Objects of the same type have the same id. b. Each object has a unique id. 
c. Bothaand b 


a 


None of the above 
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eet represents an entity in the real world which can be distinctly identified? 
a. Object b. Class 


c. Method d. None of the above 
10. Analyze the code given below to find the reason behind the error in the program. 
class A: 
def init (self): 
self.P = 10 
self. Q = 20 


def getY(self): 
return self. Q 
a= A() 
print(a._ Q) 


a. Qis private and cannot be access outside of the class. 


b. Pis private and cannot be access outside of the class. 
c. Bothaandb 


d. None of the above 
11. Analyze the code given below to find the reason behind the error in the program. 
class Base: 
def init (self, X): 
self.X = X 
def print (self): 
print (self .X) 


Ob1 = Base () 
Ob1.print () 


a. The class Base does not have a constructor. 
b. X is not defined in print. 
c. The constructor is invoked without arguments. 
d. None of the above 
12. What will be the output of the following program? 
class A: 
def init (self, s): 
self.s =s 
def display(): 
print (s) 
= A(“Welcome” ) 


1) 


© 


.display () 


» 


Welcome 


b. Error: The self is missing in method display() 
c. Cannot access method display() 


d. None of the above 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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Which statement is correct about self? 


a. Self refers to the previous object. b. Self refers to the next object. 
c. Self refers to the current object. d. None of the above 
Which method runs as soon as an object of a class is instantiated? 
a. __init__ b. __del__ 
c. self d. None of the above 
Which of the following is not a type of inheritance? 
a. Single b. Multilevel 
c. Distributive d. Multiple 
Look at the following definition of class and determine the type of inheritance the class is using. 
class A: 
Pass 
class B: 
Pass 
class C(A , B): 
Pass 
a. Single b. Multilevel 
c. Multiple d. None of the above 
Which method is used to display the attributes of a class? 
a. __init__ b. __dict__ 
c. __del__ d. None of the above 


The __del__ is executed only ifall_- 
a. The references to a current instance object have been removed 
b. The references to a previous object have been removed 

c. The references to an instance object have been removed 


d. None of the above 


Suppose B is a subclass of A. Which syntax will be used to invoke the __init__ method defined in class 


A from class B? 
a. super() b. super().__init(self)__ 
c. super().__init()__ d. None of the above 


If Obl is an instance of class A. Which statement can be used to check whether the object Ob1 is an 


instance of class A? 
a. Ob1.isinstance(A) b. A.isinstance(Ob1) 
c. isinstance(Obl, A) d. isinstance(A,Ob1) 


B. True or False 


NY cOt eS 


Python does not permit re-use of an existing module or function. 

Indentation is not important in Python. 

A class is followed by an indented block of statements which forms the body of the class. 

In order to add methods to an existing class, the first parameter for each method should be self. 
The directory() function is used to see the attributes of a class. 

The dir() function returns a sorted list of attributes and methods belonging to an object. 

All attributes and methods in Python are public by default. 
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8. The _init_ method is a special method which is used to initialise instance variable of an object. 
9, We can pass an object as parameter to a method. 
10. The properties of existing classes are simply extended to new classes. 
11. New classes are not created from existing ones using inheritance. 
12. In single inheritance, two base classes are used for the derivation of a new class. 
13. When two or more base classes are used for derivation of a new class, it is called multiple inheritance. 
14. Inheritance inherits features of its base class. 
15. The syntax used to assign a value to an attribute on an object is <object>.<attribute> = <Value> 


C. Exercise Questions 


What is a class? 

State the syntax to define a class. 

How are attributes added to a class? 

State the syntax to add methods in a class. 
What is self-parameter? List its uses. 

List the applications of special class attributes. 
What is meant by inheritance? 

List the different types of inheritances. 


SO: DO STO} OT ce Ge DS ot 


Explain multiple inheritance with an example. 


PR 
S 


What can be done with overriding a method? 


ray 
any 


. State the syntax to override a method. 


RP 
oe 


Complete the code given below and then perform the following tasks on the coordinate class. 

a. Instantiate two different objects P1 and P2. 

b. Display the coordinates of P1 and P2. 

c. Add an __eq__ method that returns True if coordinates P1 and P2 refer to the same point in a 

plane. 
class Coordinate (object) : 
def init (self, x, y): 

self.x = x 
self.y = y 


def getX(self): 
return self.x 


def getY(self): 
return self.y 


13. Consider the code and answer the following questions. 
class A(object): 
def init (self,Name,Gender) : 
self.Name = Name 


self.Gender = Gender 
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def execute(self): 
print (self .Name) 


class B(A): 
def init (self): 
A. init (self, ‘John’, ‘Male’) 


class C(A): 
def init (self): 
A. init (self, ‘Anushka’, ‘Female’ ) 
class D(A): 
print (A) 
Ob1 = B() 


Ob1.execute () 


a. Identify the parent classes present in the above code. 
b. Identify the child classes present in the above code. 
c. What will be the output of the above code? 


PROGRAMMING ASSIGNMENTS 


1. Write a program to create a class named Demo. Define two methods Get_String() and 
Print_String(). Accept the string form user and print the string in upper case. 


2. Write a program to create a class Circle. Perform the following operations on it. 
a. Define the attribute radius. 
b. Define the constructor with one argument containing radius. 
c. Define the method named get_radius() which returns the radius of the circle. 
d. Define the method named calc_area() which returns the area of the circle. 

3. Write a program to create the class Point. Perform the following operations on it. 
a. Initialise X and Y coordinates of the point. 
b. Print the coordinates by defining the method ‘Display()’. 


c. Define the method Translate(X, Y) to move the point X units in X direction and Y units 
in Y direction. 


4. Write a program to implement single inheritance. 
a. Create the parent class Circle. Initialise the constructor with the radius of the circle. 


b. Define the method get_radius() and calc_area() to know the radius and area of the 
circle. 


(Contd.) 
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PROGRAMMING ASSIGNMENTS (Contd.) 


Cc. 


d. 


Create the child class named Cylinder. Initialise the value of the height within the 
constructor and call the constructor of the parent class to initialise the radius of the 
cylinder. 
Finally, define the method Calc_area() in the class Cylinder to calculate the area of the 
cylinder. 


Note: Area of Cylinder = 2 * pi * radius * height 


5. Write a program to implement the concept of multiple inheritance. 


a. 
b. 


Create the parent class Shape. Initialise the constructor with Shape. 

Create another class named Rectangle which inherits the properties of the parent 
class Shape. Define the attributes length and breadth in the Rectangle class. Initialise 
the length and breadth inside the constructor of the Rectangle class. Also call the 
constructor of the parent class to initialise the color of the Rectangle. Define the method 
calc_area() to return the area of the rectangle. 

Create another class named Triangle which inherits the properties of the parent class 
Shape. Define the attributes base and height in the Triangle class. Initialise the base 
and height inside the constructor of the Triangle class. Also call the constructor of the 
parent class to initialise the color of the Triangle. Define the method calc_area() to 
return the area of the Triangle. 

Also create the method Tring_Details() in the Triangle class and Rect_Details() in 
the Rectangle Class to return complete details about the rectangle and triangle. 
Finally, create the instance of the Rectangle and Triangle classes to return the area of 
the Rectangle and Triangle. 
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CHAPTER OUTLINE 
11.1 Introduction to Tuples 11.3 Dictionaries 
11.2 Sets 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


Create tuples, sets and dictionaries and explain their necessity and importance in programming 


Pass variable length arguments to tuples and use inbuilt functions such as len, min, max and sum, and 
other functions such as zip() and sort() on tuples 


Perform different operations on sets such as union, intersection, difference and symmetric difference 
Create dictionaries and add, retrieve, modify and delete the values of dictionaries 


Traverse the contents of sets, tuples and dictionaries using the for loop function 


11.1. INTRODUCTION 


Tuples work exactly like lists. A tuple contains a sequence of items of many types. The elements of 
tuples are fixed. Once a tuple has been created, we cannot add or delete elements, or even shuffle 
their order. Hence, tuples are immutable. This means that once created, they cannot be changed. 
Since tuples are immutable, their length is also fixed. A new tuple must be created to grow or 
shrink an earlier one. 
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11.1.1 Creating Tuples 


A tuple is an inbuilt data type in Python. In order to create a tuple, the elements of tuples are 
enclosed in parenthesis instead of square brackets. All the elements of a tuple are separated by 
commas. 


Example: Defining a tuple 


Ply =. \C), #Create an empty tuple 

T2 = (12,34,56,90) #Create a tuple with 4 elements 

T3 = (‘a’,’b’,’c’,'d’',’e') #Create a tuple of 5 characters 

T4 = ‘a’,'b’,'’c’,'d’,’e’ =#Create a tuple without parenthesis 


() Note: #To create a tuple of a single element, it should be followed by a 
comma. 


SSS WilS(4,)) 
>>> type (T1) 
<class ‘tuple’> 


Is it possible fo create a tuple of a single element without a comma? 


>>> T1=({4) 
>>> type (T1) 
<class ‘int’> 


Point to Remember 


A single value in parenthesis is not a tuple. 


11.1.2 The tuple () Function 


In the above section, we learnt how to create a tuple. For example, an empty tuple is created by 
using empty parenthesis. 

>>>t1l=() # Create Empty tuple 

>>> tl # Print Empty tuple 

0) 

>>> type (t1) #Check the type of tl 

<class ‘tuple’> 


An alternate way of creating a tuple is by using the tuple() function. 
Example 


>>> tl=tuple() # Create Empty tuple using tuple() function 
>>> tl # Print tuple tl 
() 


If the argument to a tuple() function is a sequence, ie. string, list or a tuple then the result is a 
tuple with the elements of the sequence. 
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Example 

>>> tl=tuple(“TENNIS”) #Tuple function with string as argument 
>>> tl 

CME \ES ‘N’, ‘N’, ralete, ‘Sr ) 


11.1.3 Inbuilt Functions for Tuples 


Python provides various inbuilt functions that can be used with tuples. Some of these are shown 
in Table 11.1. 


Table 11.1 Inbuilt functions that can be used with tuples 


Inbuilt Functions Meaning 

len() Returns the number of elements in a tuple 

max() Returns the element with the greatest value 

min() Returns the element with the smallest value 

sum() Returns the sum of all the elements of a tuple 

index(x) Returns the index of element x 

count (x) Returns the number of occurrences of element x 
Example 


>>> tl=(‘“APPLE” ) 
>>> len(t1) #Return the length of tuple tl 


5 

>>> max(t1) #Return Element from tuple with Maximum Value 
\p: 

>>> min(t1l) #Return Element from tuple with Minimum Value 
‘aA 

>>> tl.index('‘A’) 

0 

>>> tl.count(‘P’) 

2 


11.1.4 Indexing and Slicing 


Since tuples are like lists, the indexing and slicing of tuples is also similar to that of lists. The 
index [] operator is used to access the elements of a tuple. 


Example 
t[0] [1] t[2] [3] [4] i[5] | <———._ Positive Index 
[ P Y T H O N 


t[-6] t[-5] t[-4] t[-3] t[-2] t[-1] <«————__ Negative Index 
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So> CUR ONT! He tO" NY) #Create Tuple 
>>>t #Print Tuple 


Soe 
Tuple Slicing Example 


Sse ta (“PY OY! TL! , SHE, FOL EN) #Create Tuple 

>>>t #Print Tuple 

Soe Rie arts Se, Ory: A) 

>>>t[0:] #Print the contents of tuple t starting from index 0 
GBty OY SE MG, NO. SN) 

>>> t[0:3] #Print the contents of tuple t starting from 0 to 2 
CNBC Sees Sets) 


@ Note: More details of slicing can be found in Chapter 8: Lists. 


11.1.5 Operations on Tuples 


Tuples don’t support all methods supported by lists. A tuple supports the usual sequence operations 
supported by a list. 
1. The + Operator: The concatenation + operator is used to join two tuples. 
>>>(1,2)+(3,4) #The concatenation operator 
(12.27, 37-4) 
2. The * Operator: The multiplication operator is used to replicate the elements of a tuple. 
>>> (1,2) %*3 #The Repetition Operator 
(Vy. 22 Dy Bip Ly) 


11.1.6 Passing Variable Length Arguments to Tuples 


We can pass variable number of parameters to a function. An argument which begins with the * in 
function definition gathers all arguments into a tuple. 


Write a program to create a function create _ tup() which accepts a variable number of 
arguments and prints all of them. 


PROGRAM 11.1 


deni ereatemeup (tangs) 


print (args) 


(Contd.) 
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Output 


Run the above program in interactive mode of Python. 


SSS CHSSS iba, 2,3, 4) 


GL, By By 4) 
>>> create tup(‘a’,’b’) 
CvaNas A tae 


The inbuilt sum() function takes two parameters to add the elements within it. 

How can we create a function that takes variable arguments and adds all the elements present 
in it? 

The following program creates the function sum _ a11() which accepts a variable number of 
arguments and displays the sum of all the arguments. 


PROGRAM 11.2 Create function sum _ all() to accept a variable number of arguments and display the 
sum of all the elements present in it. 


def sum_all(*args): 
t=() 
s=0 
for i in args: 
s=sti 


print (s) 
Output 


#Running the above program in Python interactive mode. 
>>>sum_al1(10,20,30,40) #Function sum_all with variable arguments 
100 


Spa sui eli (iL, 2,3) 
6 


11.1.7 Lists and Tuples 


A tuple can also be created from a list. This is illustrated in the following example. 


Example 

>>> List1=[1,2,3,4] #Create List 

>>> print (List1) #Print Listl 

[i 2y Be Al 

>>> type (List1) #Print the type of variable List1l 


<class ‘list’> 
>>> tl=tuple(List1) #Convert List to tuple 
>>> tl #print tl 
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(1, 2, 3, 4) 
>>> type(tl) #Check type of tl after converting List to Tuple 


<class ‘tuple’> 


11.1.8 Sort Tuples 


If a programmer wants to sort a tuple, he/she can use the inbuilt sort () method. A tuple does not 
contain any method named sort. Therefore, to sort a tuple, a programmer will have to first convert 
a tuple into a list. After conversion, he/she can use sort () method for lists and then again convert 
the sorted list into a tuple. 


>>> t1l=(7,2,1,8) #Create Tuple tl 


>>> tl #Print tl 

(7 25-25-78) 

>>> Lil=list (t1) #Convert Tuple tl to List 

>>> Ll #Print L1 

[2 25 ds 284] 

>>> L1.sort() #Sort List 

>>>t2=tuple(L1) #Convert Sorted List to Tuple 
>>> t2 #Print sorted tuple 


(1, 2, 7, 8) 


11.1.9 Traverse Tuples from a List 


A tuple assignment can be used in the for loop to traverse a list of tuples. 


PROGRAM 11.3 } Write a program to traverse tuples from a list. 


Wa[(iL, “Wulic’), (2, “Balkina” ) , (3, 7 Setnsere” ) | 
for no, name in t: 


print (no, name) 


Output 


1 Amit 
2 Divya 


3 Sameer 


11.1.10 The zip() Function 


The zip() is an inbuilt function in Python. It takes items in sequence from a number of collections 
to make a list of tuples, where each tuple contains one item from each collection. The function is 
often used to group items from a list which has the same index. 


Example 


>>> Al=[1,2,3] 
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So>> A2Z="XYZ" 


>>> list (zip (Al1,A2) ) #Zip List Al and A2 
[P(Ly, “Xb, (25. 38%), (3 829) ] 
Explanation 


The result of list (zip(A1,A2)) is a list of tuples where each tuple contains an index wise element 
from each list as a pair. 


Example 

>>> Ll=[‘Laptop’, ‘Desktop’, ‘Mobile’] #Create Listl 
>>> L2=[40000,30000,15000] #Create List2 
>>> L3=tuple((list(zip(L1,L2)))) #Group item from List 1 and 2 
>>> L3 #print L3 

((‘Laptop’, 40000), (‘Desktop’, 30000), (‘Mobile’, 15000) ) 


@ Note: If the sequences are not of the same length then the result of zip() has the length of the shorter 


sequence. 

Example: 
Sp cla eiloyecl” #Sequence of length 4 
Sas lo= lil, 2, 3] #Sequence of length 3 


>>> list(zip(a,b)) #Zip() on a and b returns list of tuples 
(Oar, W), (is? 2B)y ('e" > 3) 


PROGRAM 11.4 Consider ie lists, viz. List Ll and L2 . Here, L1 contains a list of colors and L2 contains their 
color code as: 


L1i=[‘Black’,’White’,’Gray’] 
L2=[255,0,100] 
Display the contents as: 


(‘Black’ ,255) 
(‘white’ ,0) 
(‘Gray’ ,100) 


Ijl= || Mielevelke’ , /Wlealice” , Caceny” | #Create List L1 
L2=[255,0,100] #Create List L2 

for Color,Code in zip(L1,L2): # Use of zip in for loop 
print ( (Color, Code) ) 


Output 
(uBio 5i5)) 
(‘White’, 0) 
(Gia? , 100) 
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11.1.11 The Inverse zip (*) Function 


The * operator is used within the zip() function. The * operator unpacks a sequence into positional 
arguments. A simple example of the * operator on positional arguments is given as follows: 


PROGRAM 11.5 | Demonstrate the use of the * operator on positional arguments. 


def print _all(Country, Capital): 
print (Country) 
print (Capital) 


Output 


>>> args=(“INDIA” ,”DELHI”) 
>>> print _all(*args) 

INDIA 

DELHI 


Explanation In the above program, the function print _ all() is created. When “args are assed 
to the function print_all, its values are unpacked into the function's positional arguments arg1 to 
Country and Capital to arg2. 


The function zip(*) also performs the same operation, i.e. unpacks a sequence into positional 
arguments. 


PROGRAM 11.6| Demonstrate the use of the zip(*) function. 


X=[(“APPLE” ,50000) , (“DELL”,30000)] #List of tuples 
Laptop, Prize=zip(*X) # Unpacking Values 
print (Laptop) 


print (Prize) 


Output 


(‘APPLE’, ‘DELL’ ) 
(50000, 30000) 


Explanation In the above program, initially the list is created. List x contains a sequence of tuples. 
The function zip(*) is used to unpack the values of x. 


11.1.12 More Examples on zip(*) Function 


#Transpose of a matrix 
>>> Matrix=[(1,2), (3,4), (5,6)] 
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>>> Matrix 

Bhs 2), W354) C55. 6) 
>>> X=Zip(*Matrix) 

>>> tuple (x) 

(iL, 35-5) 2445 G9) 


11.1.13 More Programs on Tuples 


PROGRAM 11.7 Consider an example of a tuple as T = (1, 3, 2, 4, 6, 5). Write a program to store numbers 
present at odd index into a new tuple. 


def oddTuples(aTup): #Function with tuple as an argument 
iteie, = (() #Initially the output tuple rTup is empty 
index = 0 
while index < len(aTup) : 
rTup += (aTup [index] , ) 
index += 2 #index increased by 2 
ieSie wheal INS) 
ea (al, SB, 2, 4, GB, 5) 
print (oddTuples (t) ) 


Output 


Explanation In the above program, initially a tuple ‘t’ is created. This tuple ‘t’ is passed as a 
parameter to a function. The while loop iterates till the length of the tuple. In each iteration, the 
number stored at an odd index is accessed and stored into the output tuple ‘rTup’. 


11.2 SETS 


A set is an unordered collection of unique elements without duplicates. A set is mutable. Hence, we 
can easily add or remove elements from a set. The set data structure in Python is used to support 
mathematical set operations. 


11.2.1 Creating Sets 


A programmer can create a set by enclosing the elements inside a pair of curly brackets {}. The 
elements within a set can be separated using commas. We can also create a set using the inbuilt 
set() function, or from an existing list or tuple. 


Examples 


>>>Sl1 =set() # Creates an empty Set 
>>>S1 # Print Set S1 
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set () 
>>> type(Sl1) # Check type of S1 


<class ‘set’> 
Soh S1={10,20,30,40} # Create set of 4 elements 


>>> S1 # Print Set S1 
{40, 10, 20, 30} 


>>> S2=[1,2,3,2,5] # Create List 


>>> S2 # Print List 

Php 2.98 24 5) 

>>> S3=set (S2) # Convert List S2 to Set 

>>> S3 #Print S3 (Removes duplicate from the List) 


(13 2 34-25): 


>>> S4=(1,2,3,4) # Create Tuple 

>>> S5S=set (S4) # Convert Tuple to Set 
>>> S5 # Print S5 

{1, 2, 3, 4} 


11.2.2 The Set in and not in Operator 


The in operator is used to check if an element is in a set. The in operator returns True if the element 
is present in the list. The not in operator returns True if the said element is not present in the set. 


Example 

>>> S1={1,2,3} 

>>> 3 in S1 # Check if 3 is in S1 

True 

>>> 4 not in Sl # Check if 4 is not in the S1 
True 


11.2.3. The Python Set Class 


Python contains a set class. The most commonly used methods within the set class (with examples) 
are listed in Table 11.2. 
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Table 11.2 Methods of set class 


Function 


Meaning 


s.add(x) 
Example: 


Sap sile{il,2, 19, 90} # Create set of 4 elements 


>>> sl.add(100) # Add 100 to the existing list 
sl 


>>> sl # Print sl 

(it, 20, 19, 2, a0} 

s.clear() 

Example: 

>>> s1={1,2,3,4} #Create set of 4 elements 


>>> sl.clear() #Remove all the elements from the set 
sl 


>>> sl #Print sl 

set () 

S.remove (x) 

Example: 

Sas sie fil,2,3)4)) 

>>> sl.remove (2) #Remove element 2 from Set sl 
op ae ak 

(i, 3, 2h 

Note: The discard()function is similar to remove function. 


sl. issubset(s2) 
Example: 


>>> sl={1,2,3,4} 

>>> s2={1,2,3,4,5} 

>>> sl.issubset(s2) # Check if all the elements of s1 
are in s2. 

True 

s2.issuperset(s1) 

Example: 

sap sile{ i, 2,35} 

Sas B= fil, 2,374} 

>>> s2.issuperset (s1) 


True 


Adds the element x to an 
existing set s. 


Removes the entire element 
from an existing set. 


Removes the item x from a 
set. 


If every element in sl is also 
in s2 then set sl is a subset 
of s2. The issubset()is 
used to check whether s1 is 
a subset of s2. 


Let sl and s2 be two sets. 
If sl is a subset of s2 and 
the set sl is not equal to s2 
then the set s2 is called a 
superset of A. 
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11.2.4 Set Operations 


In mathematics or everyday applications we often use various set operations, such as union(), 
intersection(), difference() and symmetric _ difference(). All these methods are part 
of the set class. 


The union () Method 

The union of two sets A and B is a set of elements which are in A, in B or in both A and B. We can 
use the union method or the |operator to perform this operation. 

Example 


>>> S1={1,2,3,4} 
>>> S2={2,4,5,6} 
>>> Sl.union(S2) 
{1, 2, 3, 4, 5, 6} 


>>>S1 | S2 
{1, 2, 3, 4, 5, 6} 


@ | Note: Sets cannot have duplicate elements. So, the union of sets {1,2,3,4} and {2,4,5,6} is 
{1,2,3,4,5,6}. 


The intersection () Method 


The intersection of two sets A and B is a set which contains all the elements of A that also belong 
to B. In short, intersection is a set which contains elements that appear in both sets. We can use 
intersection methods or the & operator to perform this operation. 


Example 


>>> S1={1,2,3,4} 
>>> S2={3,4,5,6} 


>>> Sl.intersection(S2) 


{3, 4} 
Soo 61 & 82 
{3, 4} 


The difference () Method 

The difference between two sets A and B is a set which contains the elements in set A but not in set 
B. We can use the difference method or the — operator to perform the difference operation. 
Example 


>>> A={1,2,3,4} 
>>> B={3,4,5,6} 
>>> A.difference(B) 


{1, 2} 
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>>>>>> A-B 
{1, 2} 
The symmetric difference () 


The symmetric difference is a set which contains elements from the either set but not in both sets. 
We can use symmetric_difference method or the “ (exclusive) operator to perform this operation. 


Example 


>>> S1={1,2,3,4} 

>>> S2={3,4,5,6} 

>>> Sl.symmetric_ difference (S2) 
{1, 2, 5, 6} 

>>> S1*S2 

{1, 2, 5, 6} 


11.3 DICTIONARIES 
11.3.1 Need of Dictionaries 


In the previous chapter, we learnt about a Python data structure called list. Lists organise their 
elements by position and this kind of structuring is useful when we want to locate elements in a 
specific order, i.e. locate either first, last element or visit each element in a sequence. 

There may be situation where a programmer is not so much interested in the position of the 
item or element in the structure but in association of that element with some other element in the 
structure. 

For example, to look up Amit’s phone number we are just interested in his number from the 
phonebook and don’t care much where the number is located in the phonebook. It means the name 
of the person is associated with his phone number. 


11.3.2 Basics of Dictionaries 


In Python, a dictionary is a collection that stores values along with keys. The sequence of such key 
and value pairs is separated by commas. These pairs are sometimes called entries or items. All 
entries are enclosed in curly brackets { and }. A colon separates a key and its value. Sometimes, 
items within dictionaries are also called associative arrays because they associate a key with a 
value. 

Simple examples of dictionaries are given as follows: 


Phonebook - {“Amit” : "918624986968", “Amol” : "919766962920" } 


Country Code Information - {“India”:*+91”,"USA”:"4+1”",“Singapore”: “+65”} 


The structure of a dictionary is shown in Figure 11.la. The above phonebook example is 
illustrated in Figure 11.1b. 
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Corresponding value 
Search key of that key 


Key Value totter Amit 918624986968 


Key Value Amol 919766952920 | 


(a) Structure of a dictionary (b) Phonebook example 


Figure 11.1 aand b Dictionary—structure and example 


Keys are like an index operator in a dictionary. A key can be of any type. Therefore, a dictionary 
maps a set of objects, i.e. keys to another set of objects, i.e. values. It is a mapping of unique keys to 
values, i.e. each key is mapped to one value. Also, dictionaries do not contain any duplicate keys. 


11.3.3 Creating a Dictionary 


We can create a dictionary by enclosing the items inside a pair of curly brackets {}. One way to start 
a dictionary is to create an empty dictionary first and then add items to it. 


Creating an Empty Dictionary 


Example 

>>>D1 = {} # Create Empty Dictionary 
>>>D1 # Print Empty Dictionary 
{} 

>>> type (D1) # Check the type of D1 


<class ‘dict’> 


e Note: Python uses curly brackets for sets and dictionaries. Therefore, fo create an empty dictionary, 


we use {} and to create an emply set, we use the function set(). 


Creating a Dictionary with Two Items 

To create a dictionary of two items, the items should be in the form of key:value and separated by 
commas. 

Example: Creating a dictionary of two items 

>> P={ “Amit” :”918624986968”, “Amol” :”919766962920"” } 

>>> P #Display P 

{ ‘Amit’: ‘918624986968’, ‘Amol’: ‘919766962920’ } 
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Creating Dictionaries in Four Different Ways 


Example 


#Way 1: 
>>>D1={'Name’:’Sachin’,’Age’ :40} 
>>> D1 

{‘Name’: ‘Sachin’, ‘Age’: 40} 


#Way 2: 

>>> D2={} 

>>> D2[‘Name’] =’ Sachin’ 
>>> D2[‘Age’]=40 


>>> D2 

{‘Name’: ‘Sachin’, ‘Age’: 40} 

#Way 3: 

>>> D3=dict (Name=’ Sachin’ , Age=40) 

>>> D3 

{‘Name’: ‘Sachin’, ‘Age’: 40} 

#Way 4: 

>>> dict ([(‘name’,’Sachin’), (‘age’,40)]) 
{‘age’: 40, ‘name’: ‘Sachin’ } 
Explanation 


In the above example, we have created dictionaries in four different ways. We can select the first 
way if we know all the contents of a dictionary in advance. The second way, if we want to add one 
field at a time. The third way requires all keys to string. The fourth way is good if we want to build 
keys and values at runtime. 


11.3.4 Adding and Replacing Values 


To add a new item to a dictionary, we can use the subscript[] operator. The syntax to add and 
an item to a dictionary is: 


Dictionary Name[key] = value 


Example 


P[Jhon”]="913456789087” 

In the above example, the name of the dictionary is P. We are adding the phone number of 
“Jhon” into our phonebook. The “Jhon” will act as the key and the phone number of Jhon will be 
its value. 
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#Running the above example in Python interactive mode 
#Create Dictionary of Phonebook 


P={ “Amit” :”918624986968”", “Amol” :”919766962920" } 
>>> P #Display P 
{‘Amit’: ‘918624986968’, ‘Amol’: ‘919766962920’ } 


#Add another element to the existing Dictionary of Phone Book P 
>>> P[“Jhon”]="913456789087" #Add New element 


>>> P 

{‘Jhon’: °913456789087', ‘Amit’: ‘918624986968’, ‘Amol’: ‘919766962920' } 
Note: If a key is already present in a list then it replaces the old value for the said key with the new 
value. 

Example 

P={"Amit” :”918624986968", “Amol” :”919766962920" } 

>>> P #Display P 

{‘Amit’: ‘918624986968’, ‘Amol’: ‘919766962920’ } 

>>> P[“Amit”]="921029087865"” #Replace the Old value by New 

>>> P #Print After Replacing 

{*‘Amit’: ‘921029087865’, ‘Amol’: ‘919766962920’ } 


11.3.5 Retrieving Values 


The subscript [] can also be used to obtain the value associated with a key. The syntax is: 


Dictinoary Name[Key] #Retrieve the value associated with the key. 


Example 

P={*Amit” :”918624986968", “Amol” :”919766962920" } 
>>> P #Display P 

{*Amit’: ‘918624986968’, ‘Amol’: ‘919766962920’ } 


>>> P[“Amol”] #Display the value associated with the key “Amol” 
*919766962920’ 


cl Note: If a key is not in a dictionary, Python raises an error. 


Example 


>>>P={ “Amit” :”918624986968", “Amol” :”919766962920" } 


>>> P[“Sachin”] 
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Traceback (most recent call last): 
File “<pyshell#48>”", line 1, in <module> 
P[“Sachin” ] 


KeyError: ‘Sachin’ 


11.3.6 Formatting Dictionaries 
The % operator is used to substitute values from a dictionary, into a string by a name. 


Example 


>>> D={} 

>>> D[“Laptop”] =”MAC” 

>>> D[*Count”] =10 

>>> D #Print Dictionary D 
{‘Laptop’: ‘MAC’, ‘Count’: 10} 

>>> P="I want %(Count)d %(Laptop)s Laptops” %D 
>>> P 


‘I want 10 MAC Laptops’ 


Explanation 


In the above program, initially a dictionary is created containing two keys, viz. ‘Laptop’ and 
‘Count’. In the statement, “I want %(Count)d %(Laptop)s Laptops’”%D.” The characters ‘d’ and ‘s’ 
for integer and string. 


11.3.7 Deleting Items 


We can delete any entry from a dictionary. The del operator is used to remove a key and its 
associated value. If a key is in a dictionary then it is removed otherwise Python raises an error. The 
syntax used to remove an element from a dictionary is 


del dictionary name [key] 


Example 


>>>P={ “Amit” :”918624986968", “Amol” :”919766962920" } 
>>> del P[‘*Amit”] #delete key “Amit” 

>>> P #Print after deleting 

{*‘Amol’: ‘919766962920' } 


11.3.8 Comparing Two Dictionaries 


The == operator is used to test if two dictionaries contain the same items. Also, the != operator 
returns True if the items within dictionaries are not the same. 
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Example 

>>> A={*I":"India”,”"A” :”"America” } 
>>> A 

{‘I’: ‘India’, ‘A’: ‘America’ } 
>>> Ba{"I":"Italy”,”"A”:"America” } 
>>> B 

{‘I’: ‘Italy’, ‘A’: ‘America’ } 
>>> A==B 

False 

>>> A!=B 

True 


11.3.9 The Methods of Dictionary Class 


Python contains dict class for dictionaries. To see the complete documentation for dictionaries we 
can run help(dict) in Python interactive mode. Table 11.3 contains the methods of the dictionary 
class along with suitable examples. 


Table 11.3 Some commonly used dictionary operations 


Methods of dict Class What it does? 

keys() Returns a sequence 
Example: of keys. 

>>> ASCII_CODE={"A":65,"B":66,"C":67,"D" :68} 

>>> ASCII CODE #Print Dictionary named ASCII_CODE 


{‘D’: 68, ‘B’: 66, ‘A’: 65, ‘C’: 67} 
>>> ASCII _CODE.keys() #Return all keys 


Clic Keays (De, “ee; “AY, YE? 1) 

Values () Returns a sequence 
Example: of values. 

>>> ASCII_CODE={“A”:65,"B":66,"C":67,"D" :68} 

>>> ASCII _CODE.values () Return Values 


dict values([68, 66, 65, 67]) 

items () Returns a sequence 
Examples: of tuples. 
>>>ASCII_CODE={*A":65,"B":66,"C":67,"D" :68} 

>>>ASCII_ CODE. items () 


Cligie alicemis( (CD, GS), (B’, Go), (A, 65), (C2, Sr) 

clear () Deletes all entries. 
Example: 

>>>ASCII_CODE={"A":65,"B":66,"C":67,"D":68} 

>>> ASCII _CODE.clear() # Delete all entries 

>>> ASCII CODE Print after 

{} 
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get (key) Returns the value for 
Example: a key. 


>>> Temperature={ “Mumbai” :35,”Delhi” :40,”Chennai” :54} 


>>> Temperature.get (“Mumbai” ) 


3.5) 

pop (key) Removes a key and 
Example: returns the value if 
>>> Temperature. pop (“Mumbai”) the key exists. 

35 


>>> Temperature #Print after removing key “Mumbai”. 
{‘Delhi’: 40, ‘Chennai’: 54} 


clear() Removes all the keys. 
Example: 


>>> Temperature={“Mumabai” :35,”Delhi” :40,”Chennai” :54} 
>>> Temperature.clear () 


>>> Temperature 


11.3.10 Traversing Dictionaries 


The for loop is used to traverse all the keys and values of a dictionary. A variable of the for loop is 
bound to each key in an unspecified order. It means it retrieves the key and its value in any order. 
The following program shows the traversing elements of a dictionary. 


PROGRAM 11.8 } Write a program to traverse the elements of a dictionary. 


Grades={ “Tammana” :”A”,"Pranav” :"B” ,"Sumit” :"”C"” } 
for key in Grades: 
print (key,”:",str (Grades [key] ) ) 


Output 


Tammana: A 
Sumit: ¢C 


Pranav: B 


Note: Write the above program in Python shell and then execute it in Python interpreter. The latter will 
display all items in a different order. 


PROGRAM 11.9 Write a program to assign grades to students and display all the grades using keys() and get() 
method of a dictionary. 


Grades={ “Tamana” :”A”,"Pranav” :"B” ,”"Summit” :"”C"” } 


for key in Grades.keys(): 


(Contd.) 


Programming and Problem Solving with Python 


print (key,’’,Grades.get (key, 0) ) 


Output 


Summit C 
Pranav B 


Tamana A 


Explanation Grades of students are assigned to the dictionary Grades. As discussed in Table 11.3, 
the keys() method is used in for loop to return the sequence of keys. All returned keys are stored 
in a variable key. Finally, get () method is used to return values associated with the particular key. 


11.3.11 Nested Dictionaries 


A dictionary within a dictionary is called a nested dictionary. To understand this, let us make a 
dictionary of Indian cricket players with some information about them. The key for this dictionary 
will consist of the cricketers’ names. The value will include information such as the runs scored in 
test and ODI matches. 


>>> Players={“Virat Kohli” : { “ODI”: 7212 ,"Test”:3245}, 


“Sachin Tendulkar” : {*“ODI”: 18426 ,"Test”:15921}} 


>>> Players[‘Virat Kohli’] [‘ODI’] # Display run scored by Kohli in ODI 
7212 


>>> Players[‘Virat Kohli’] [‘Test’]#Display run scored by Kohli in Test 
3245 


>>> Players[‘Sachin Tendulkar’] [‘Test’] 
15921 


>>> Players[‘Sachin Tendulkar’] [‘ODI’] 
18426 


11.3.12 Traversing Nested Dictionaries 


We used the for loop to traverse simple dictionaries. It can also be used to traverse nested 
dictionaries. Let us write the above example and use the for loop to go through the keys of the 
dictionaries. 


Players={“Virat Kohli” : { “ODI”: 7212 ,"Test”:3245}, 
“Sachin Tendulkar” : {“ODI”: 18426 ,”"Test”:15921}} 

#Way 1 

for Player Name, Player Details in Players.items(): 
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print (“”,Player Name) 
print (“”,Player Details) 

#Way 2 

for Player Name, Player Details in Players.items(): 
print (“ Player: “,Player Name) 
print (“ Run Scored in ODI:\t”,Player Details[“ODI”]) 
print (“ Run Scored in Test:\t”,Player Details[“Test”] ) 


Output 


Sachin Tendulkar 

{Wesie’ g AOR, ODEs IFAS} 
Virat Kohli 

{“Glege’s S245, “ODu’s Waa} 


Player: Sachin Tendulkar 
Run Scored in ODI: 18426 
Run Scored in Test: 15921 


Player: Virat Kohli 
Run Scored in ODI: 7212 
Run Scored in Test: 3245 


Explanation The above program shows the two different ways to print the details of the 
dictionaries. The fist way contains the code: 


for Player Name, Player Details in Players.items(): 
print (“”,Player Name) 


print (“”,Player Details) 


In the above code, Player_Name stores the keys, ie. the name of the player from the outer 
dictionary and the variable Player_Details stores the value associated with the key, ie. Player_ 
Name. 

However, the second way is used to access specific information about a player. The code for the 
second way is: 


for Player Name, Player Details in Players.items(): 
print(“ Player: “,Player Name) 
print(“ Run Scored in ODI:\t”,Player Details [“ODI”] ) 
print(“ Run Scored in Test:\t”,Player Details [“Test”] ) 


In the for loop we have used Player_Name which displays the name of the player as key of the 
dictionary. To access specific details of that player, key the index [] operator is used. 

The above program code is much shorter and easier to maintain, but even this code will not 
keep up with our dictionary. If we add more information to our dictionary, we will have to update 
our print statements later. 
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Let us minimise the above piece of code and put a second for loop inside the first for loop in 
order to run through all the information about each player. 


Dilewersa (Witenes emia” e 4 “Opes Wie , ssic” gsaa5} , 
“Sachin Tendulkar” : {“ODI”: 18426 ,”"Test”:15921}} 
for Player Name, Player Details in Players.items(): 
print (“ “,Player Name) 
for key in Player Details: 
print (key,’:’,str(Player Details [key] )) 


Output 


Sachin Tendulkar 

Wesie 3 JESS AAb 

ODI + 18426 
Virat Kohli 

WeSC BAAS 

3) a ey ny peas BP 


Explanation The first loop gives us all the keys in the main dictionary which consist of the name 
of each player. Each of these names can be used to unlock the dictionary for each player. The 
inner loop goes through the dictionary for that individual player and pulls out all the keys in that 
player’s dictionary. The inner for loop prints the key, which tells us the kind of information we are 
about to see and the value for that key. 


11.3.13 Simple Programs on Dictionary 
PROGRAM 11.10 Write a function histogram that takes string as parameter and generates a frequency of 


characters contained in it. 


S = “AAPPLE” 


The program should create a dictionary 


def Histogram(S) : 
D =dict() #Initially Create Empty Dictionary 
woe € sli Se 
aie C ia alig, IDs 
Dic} = 2 
else: 
D[C] =D[C] +1 
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return D 
H=Histogram (“AAPPLE” ) 
print (H) 


Output 


Uae Cohen Rae le eee Oke Sabine th 


Explanation In the above program, we created a function Histogram(S). A string S is passed as a 
parameter to the function. Initially, an empty dictionary is created. The for loop is used to traverse 
the string. While traversing, each character is stored in C. If the character C is not in the dictionary 
then we inserted a new item into the dictionary with key C and initial value as 1. If C is already in 
the dictionary then we incremented D[C]. 


PROGRAM 11.11 ] Write a program to count the frequency of characters using the get () method. 


def Histogram(S) : 
iD) SCliere () 
icons C sigh Se 
aie © imoye skint 1D)g 
BIKE] = al 
elise: 
D[C]=D.get (C, 0) +1 


return D 
H=Histogram (“AAPPLE” ) 


print (H) 


Output 


PROGRAM 11.12 | Write a program to print and store squares of numbers into a dictionary. 


def Sq_of numbers (n): 
d=dict() #Creates A Empty Dictionary 
for i in range(1,n+1): # Iterates from 1 to N 
alié ak imoie alia Clg 
d[i]=i*i #Store the Square of a Number i into dictionary 


return d 


print (‘Squares of Number:’) 
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Z=Sq_of numbers (5) 
print (Z) 
Output 


Squares of Number: 
{ie 2, Be 4, Be 9, 42s UG, Se 25} 


Write a program to pass a list to a function. Calculate the total number of positive and negative 
PROGRAM 11.13 numbers from the list and then display the count in terms of dictionary. 


Input: L=[1,-2,-3,4] 
Output: {‘Neg’: 2, ‘Pos’: 2} 


def abc(L): 
D={} #Empty Dictionary 
D[“Pos”]=0 
D[“Neg” ] =0 
icone 5x alin, Ing 
Use SSO) g 
Dros ar 
else: 
D[*Neg”] +=1 
print (D) 
in [bp = 2, = 3,4) 
abc (L) 


Output 


(Rese 2, “Wess 2} 


Explanation In the above program, an empty dictionary D is created. Initially two keys are added 
to the dictionary, viz. Pos and Neg with count 0 as their respective value. The list L is passed to the 
function abc(). If the number is positive or negative, the count is increased accordingly. 


PROGRAM 11.14 | Write a program to convert an octal number into binary. 
Input: (543), 
Output: (101100011) 


def Convert _Oct_Bin(Number, Table) : 


binary='' 


for digit in Number: 
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binary = binary +Table [digit] 


return binary 


Cee MewinerryWelolis={°O e"OOO", “i? oe" OOM "B92" O10" , 
WD gL, YA eI ROO? 5? 97 TON" , 
"6? gFi@O?, 7? go aaa? 7} 


Output 


#Sample Input 1: 

>>> Convert _Oct_Bin(“553”,octToBinaryTable) 
SILO) ALAL (aL (Oak ak 

#Sample Input 2: 

>>> Convert _Oct_Bin(“127”,octToBinaryTable) 
00) aL@)AL(@) tL Lal 


Explanation In the above program we created the function Convert_oct_Bin(). It accepts two 
parameters. The first parameter is the octal number as a string which we want to convert into 
binary and the second parameter is the dictionary which contains the decimal number and its 
equivalent binary number. 


The above algorithm visits each digit of the octal number, selects the corresponding three bits 
which represent that digit in binary and add these bits to the result string binary. 


11.3.14 Polynomials as Dictionaries 


As we learnt in previous chapters, Python has two data types, viz. mutable and immutable. Python 
objects that cannot change their contents are known as immutable data types. The immutable data 
types consist of str and tuple. List and dictionaries can change their contents so they are called 
mutable objects. The keys in a dictionary are not restricted to be strings. Any immutable Python 
object can be used as a key. However, a common type of key used in a dictionary is of type integers. 

Let us consider the following example of how dictionaries with integers as keys represent a 
polynomial. 


Example of Polynomial 
P(Y) = -2 + Y°+3Y° 


The above example is a polynomial of a single variable, i.e. y. The above polynomial consists 
of three terms, viz. (-2), (Y?) and (3Y°). All the terms can be viewed as set of power and coefficient 
terms. The first term, i.e. (-2) contains power of y as 0 and coefficient as -2. Similarly, the term two 
(Y’) contains the power of y as 2 and coefficient as 1. And the last term (3Y°) contains the power of 
y as 6 and coefficient as 3. A dictionary can be used to map a power to a coefficient. 
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Representing above Polynomial using Dictionaries 
P = {0:-2, 2:1, 6:3} 


The above polynomial can also be represented as a list. But we have to fill in all zero coefficients 
too since the index must match power. Therefore, representing the above polynomial as list is 


P(Y) =-2+ Y°+3¥° 


P =[22,0, 1,0, 0,0, 3] 


After representing the said polynomial in terms of list, we can compare the representation of 
the polynomial in terms of dictionary and list. The advantage of a dictionary is that the user has 
to store only the non-zero coefficient. For the polynomial 1+x”’’ the dictionary holds only two 
elements, while the list holds 51 elements. 


PROGRAM 11.15 | Write a program to evaluate a polynomial of one variable, i.e. x if the value of x is 2. 


P(X) = -2+X?*3x3 
P(2) = 26 


Gleic yell wroily (2,2) 3 
sum = 0 
for Power in P: 
sum = sum + P[Power] *X**Power 
print (‘The Value of Polynomial after Evaluation:’,sum) 
2 S{Os=-2, Bei, Das} 
Eval Poly (P, 2) 


Output 


The Value of Polynomial after Evaluation: 26 


Explanation The function Eval _ Poly() is created. The polynomial P is represented in the form 
of a dictionary. The argument to the function is a dictionary of polynomial P. Where P[Power] 
holds the coefficient associated with the term X**Power. 


UN eds (ON] 404 ae Orange Cap Calculator 


The orange cap is an annual cricket award presented to the leading run scorer in a cricket series. 


Example 


Consider an ongoing test cricket series. Following are the names of the players and their scores in 
the testl and 2. Calculate the highest number of runs scored by an individual cricketer in both the 
tests. 
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orangecap({‘test1’:{‘Dhoni’:74, ‘Kohli’:150}, ‘test2’:{‘Dhoni’:29, 
‘Pujara’ :42}}) 


From the above example we can analyse the runs scored by each player in both tests as 
Dhoni = 74 + 29 = 103 
Kohli = 150 + 0 = 150 
Pujara = 0 + 42 = 42 
Thus, Kohli scored the most runs in both the test matches and he will be awarded the orange 
cap for this tournament. 
Program Statement 


Define a Python function ‘orangecap(d)’ which reads a dictionary ‘d’ of the following form and 
identifies the player with the highest total score. The function should return a pair (playername, 
topscore), where playername is the name of the player with the highest score and topscore is the 
total runs scored by the player. 


Input 
orangecap({‘test1’:{‘Dhoni’:74, ‘Kohli’:150}, ‘test2’:{*Dhoni’:29, 
‘Pujara’ :42}}) 
Output 
(‘Kohli’, 150) 
Algorithm 


© STEP 1: Create a dictionary ‘d’ consisting of overall score details of test1 and tets2. 


© STEP 2: Pass the dictionary ‘d’ to the Orangecap() function. 


© STEP 3: Use the for loop to traverse the contents of dictionaries and nested dictionaries. 


© STEP 4: In each iteration for each player store the runs scored by each player. 


© STEP 5: Display information about a player with name and maximum runs in all the matches. 


Program 


def orangecap (d): 
cel = {} 
for k in d.keys(): 
iene ipl alin) Gl\fh<]] sees) 2 
aLi@ ig) alin ico@icel .keyas () 
E@USUL [all] = ieoieel [a] 4) lll [fiat 
else: 
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total[n] = d[k] [n] 
print (‘Total Run Scored by Each Player in 2 Tests: ‘) 
print (total) 


print (‘Player With Highest Score’) 
Meseic@cell = =11 
for n in total.keys(): 
if total[n] > maxtotal: 
maxname = n 


maxtotal = total [n] 


return (maxname,maxtotal) 


‘Pujara’ :42}}) 
print (d) 


Output 


Total Run Scored by Each Player 

{‘Dhoni’: 103, ‘Pujara’: 42, ‘Kohli’: 150} 
Player With Highest Score 

(“iolailat? , i550) 


d=orangecap({*test1l’:{‘Dhoni’:74, ‘Kohli’:150}, ‘test2’:{‘Dhoni’ :29, 


¢ A tuple contains a sequence of items of any type. 

¢ The elements of tuples are fixed. 

¢ Tuples are immutable. 

¢ A tuple can also be created from a list. 

¢ The elements of tuples are enclosed in parenthesis instead of square brackets. 
¢ Tuples don’t not contain any method named sort. 

¢ Aset is an unordered collection of elements without duplicates. 

¢ Sets are mutable. 


SUMMARY 


¢ Different mathematical operations such as union, intersection, difference and symmetric difference 


can be performed on sets. 
¢ A dictionary is a collection which stores values along with keys. 
¢ A for loop is used to traverse all keys and values of a dictionary. 
¢ The in and not in can be used to check if a key is present in 4 dictionary. 


= Tuple: Sequence of elements of any type 
= Set: Unordered collection of elements without duplicates 


KEY TERMS 


Tuples, Sets and Dictionaries 


Dictionary: Collection of key and value pair 

Immutable: Python objects which can’t be changed 

Nested Dictionary: A dictionary within a dictionary 

zip() Function: Inbuilt Python function used to make a list of tuples 
zip(*) Function: Zip inverse 


set Functions: union(), intersection(), difference() and symmetric difference() 


REVIEW QUESTIONS 
ee 


A. Multiple Choice Questions 


1. What will be the output of the following code? 
def main(): 
Average Rainfall={} 
Average Rainfall [‘Mumbai’]=765 
Average Rainfall [‘Chennai’]=850 
print (Average Rainfall) 


main () 


a. [‘Mumbai’: 765, ‘Chennai’: 850] {“Mumbai’: 765, ‘Chennai’: 850} 
c. (“Mumbai’: 765, ‘Chennai’: 850) d. None of the above 
2. What will be the output of the following code? 
init _tuple=() 


s 


print (init tuple. len _ ()) 
a. 1b. 0 
c. NULL d. Empty 
3. What will be the output of the following code? 
tS* (iy. 225.<8:,° 4) 
t[2] = 10 
print (t) 
a. 1,2,10,4 b. 1,10,2,4 
c. Error d. 1,10,10,4 
4, What will be the output of the following code? 
a = ((1,2),)*7 
print (len(a[3:6])) 
a. 2 b. 3 
c 4 d. Error 
5. What will be the output of the following program? 
my_dict={ } 
my dict[(1, 2, 3)] = 12 


my dict[(4,5)] = 2 
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print (my_dict) 


a. {12,12,12,2,2} b. Error 
c. {(4, 5): 2, (1, 2, 3): 12} d. {(1, 2, 3): 12 ,(4, 5): 2} 
6. What will be the output of the following code? 
jersey = {‘sachin’:10,’Virat’:18} 
jersey [10] 
a. Sachin b. Virat 
c. Error d. None of the above 
7. What will be the output after the execution of the following statements? 
capital = {‘India’:’Delhi’,’SriLanka’:’Colombo’ } 
capital=list (captial.values) 


a. Delhi b. [Delhi’, ‘Colombo’] 
c. [‘Colombo’] d. Error 

8. Which dictionary has been created correctly? 
a. d={1:['+91',/India’],2:['+65’,’USA’]} 


b. d={[‘India’]:1,[‘USA’]:2} 

ec. d={(*India’):1, (‘USA’) :2} 

d. d={1:”"INDIA",2:”USA"} 

e. d={"“Payal”:1,”Rutuja”:2} 

a. Only d b. Only b 

c. a,bc d. a,c,dande 


9. Which set has been created correctly? 
a. S1={1,2,3,4} 
b. S2={(1,2),(23,45)} 
c. $2={[1,2],[23,45]} 


a. Alla,bandc b. Only c 
c. Botha and b d. Bothbandc 
10. What will be the output of the following code? 
Fruits = (‘Banana’,’Grapes’,’Mango’,’WaterMelon’ ) 


print (max (fruits) ) 


print (min(fruits) ) 


a. WaterMelon, Mango b. WaterMelon, Banana 
c. WaterMelon, Grapes d. Banana, WaterMelon 


B. True or False 


A tuple contains non-sequential items of any type. 
The elements of tuples are fixed. 

Elements can be added after a tuple has been created. 
A tuple is an inbuilt data type in Python. 


Se a Nl 


In order to create a tuple, the elements of tuples are enclosed in parenthesis instead of square brackets. 
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The elements of tuples are not separated by commas. 

Indexing and slicing of tuples is similar to that of lists. 

The index [] operator is used to access the elements of a tuple. 

The zip() function takes items in a sequence from a number of collections to make a list of tuples. 
The * operator unpacks a sequence into positional arguments. 


. Adictionary within a dictionary is called a nested dictionary. 
. A for loop can be used to traverse nested dictionaries. 


Python objects which cannot change their contents are known as mutable data types. 


. Immutable data types consist of int, float, complex, str and tuple. 
. List and dictionaries can change their contents, so they are called immutable. 
. Adictionary holds only two elements for the polynomial 14x, 


C. Exercise Questions 


SO DP ONT GY GT. GON 


10. 
11. 
12. 
13. 


What is meant by a tuple and how is it created? 
What are the functions of tuples? 
Compare tuples and lists. 
How is a single element using a tuple created? 
List the inbuilt functions supported by tuples. 
How is indexing and slicing of tuples done? 
Which operator is used to access the elements in a tuple? 
Can a programmer pass a variable to a function? If yes, how? 
Consider the example of a tuple as follows: 
x = (11, 12, (13, ‘Sachin’, 14), ‘Hii’) 


a. x[0] b. x[2] 

ec. x[-1] d. x[2] [2] 
e. x[2][-1] £. x[-1][-1] 
g. x[-1] [2] h. x[0:1] 

i. x[0:-1] j. len(x) 
k. 2 in x 1. 3 in x 
m. x[0] = 8 


Write the output for the expression 

What is the function of zip()? 

What is the role of the * operator within the zip() function? 
Describe the basics of dictionaries. 

A dictionary named ‘Grades’ is created as 

Grades = {“Sahil”:90,”Abhijeet”:65} 

What do the following statements do? 


a. print(Grades.keys()) b. print(Grades.values()) 
c. print(len(Grades)) d. Grades[“Kuruss”]=99 
e. Grades[“Abhijeet”] += 5 f. del Grades[“Abhijeet”] 
g. print(Grades.items()) 
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14. What will be the output of the following code? 
Setl = {10, 20, 30, 40} 


a. S1.issubset({10,20,30,40,50,60}) b. Sl.issuperset({20,30,40}) 
c. print(10 in S1) d. print( 101 in S1) 
e. print(len(S1)) f. print(max(S1)) 
g. print(sum(s1)) 
15. Show the output of the following code. 
Sie: {YAS BY eer} 
S2 = {*‘c’,'’D’,'E'} 
a. print(S1.union(S2)) b. print(S1.intersection(S2)) 
c. print(S1.difference (S2)) d. print(Sl.symmetric_difference(S2)) 
e. print(S1 * S2) f. print(S1 | S2) 
g. print(S1 & $2) 


16. What will be the output of the following code? 
T = (10, 34, 22, 87, 90) 
a. print(t) b. t[0] 
c. print(t[0:4]) d. print(t[:-1]) 
17. How can all keys and values of a dictionary be traversed? 
18. How are nested dictionaries created? 
19. How cana polynomial be represented using dictionaries? 


PROGRAMMING ASSIGNMENTS 


1. Write a function which takes a tuple as a parameter and returns a new tuple as the output, 
where every other element of the input tuple is copied, starting from the first one. 
T = (‘Hello’,’Are’,’You’,’Loving’,’Python?’ ) 
Output _Tuple = (‘Hello’, ‘You’, ‘Python?’ ) 
2. Write a function called how_many, which returns the sum of the number of values 
associated with a dictionary. 
T= animals = {‘L’:[‘Lion’],’D’:[‘Donkey’],‘’E’:[‘Elephant’] } 
>>>print (how_many (animals) ) 
3 


3. Write a function ‘biggest’ which takes a dictionary as a parameter and returns the key 
corresponding to the entry with the largest number of values associated with it. 
>>>animals = { ‘L’: [‘Lion’],’D’:[‘Donkey’ ,’Deer’],’E’:[‘Elepha 
nt’]} 
>>>biggest (animals) 
>>od #Since d contains two values 


4. Write a function Count_Each_vowel which accepts string from a user. The function should 
return a dictionary which contains the count of each vowel. 


>>> Count _Each_ vowel (“HELLO”) 
pp>{*H':1, ‘Ef :1, *L':2 , *0':2} 


Graphics Programming: 
Drawing with Turtle Graphics 


CHAPTER OUTLINE 
12.1 Introduction 12.6 Drawing with Colors 
12.2 Getting Started with the Turtle Module 12.7 Drawing Basic Shapes using 
12.3 Moving the Turtle in any Direction Iterations 
12.4 Moving Turtle to Any Location 12.8 Changing Color Dynamically 
12.5 The color, bgcolor, circle and Speed using List 
Method of Turtle 12.9 Turtles to Create Bar Charts 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 
¢ Create simple graphics using the Turtle module 


e Draw different geometric figures, such as lines, circles, rectangles, squares and polygons using the 
Turtle 


e Draw basic shapes using iterations 


e Draw simple charts 


12.1. INTRODUCTION 


A simple way to start learning graphics programming is to use the inbuilt Turtle module in 
Python. The Turtle module is a graphics package for drawing lines, circles and various other 
shapes, including text. In short, the Turtle is a cursor on the screen to draw graphics related things. 
Importing the Turtle module helps a programmer to access all graphics functions in Python. 
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12.2 GETTING STARTED WITH THE TURTLE MODULE 


To start, a programmer can use interactive mode (command line) or script mode of Python. The 
steps required to start graphics programming using the Turtle module in interactive mode of 
Python are given as follows: 


© STEP 1: Launch Python by pressing the start button in Windows and writing Python in the 
search box. Click on Python IDLE to start the interactive mode. The following window 
will then appear (Figure 12.1). 


loa/ SB] & 
Ls Python 3.4.2 Shell — me 


File Edit Shell Debug Options Windows Help 
Python 3.4.2 (v3.4.2:ab2c023a9432, Oct 6 2014, 22:15:05) [MSC v.1600 32 bit (In “ 
tel)] on win32 

Type "copyright", "credits" or "license()" for more information. 

>>> 


Figure 12.1 


© STEP 2: At the Python's statement prompt >>> type the following command to import the 
Turtle module. 


>>> import Turtle #import Turtle module 
© STEP 3: Type the following command to show the current location and direction of the Turtle. 
>>> Turtle.showTurtle() 


After the execution of the above statement, Python's Turtle graphics window will be displayed 
as shown in Figure 12.2. 


@ Python Turtle Graphics 


Figure 12.2 Python's Turtle Graphics Window 
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The Turtle is like a pen. The arrowhead indicates the current position and direction of the pen. 
Initially, the Turtle is positioned at the center of the window. 


12.3. MOVING THE TURTLE IN ANY DIRECTION 


As discussed above, the Turtle is an object which is created when we import the Turtle module. 
As soon as the object is created its position is set at (0, 0), ie. at the center of the Turtle graphics 
window. Also by default its direction is set to go straight to the right. 


The imported Turtle module uses a pen to draw shapes. It can be used to move and draw lines 
in any direction. Python contains methods for moving the pen, setting the pen’s size, lifting and 
putting the pen down. By default, the pen is down, ie. it draws a line from the current position 
to the new position. Table 12.1 shows a list of methods to move the Turtle in specified directions. 


Table 12.1 Turtle methods related to directions 


Method Meaning 
Turtle.forward(P) Moves the Turtle P pixels in the direction of its current heading. 
Example: Output: 


>>> import Turtle 
>>> Turtle. forward (100) 


Turtle.left(angle) 
Example: 


>>> import Turtle 
>>> Turtle.left (90) 
>>> Turtle. forward (100) 


G@ Python Turtle Graphics | ae) 


Rotates the Turtle left by the specified angle. 
Output: 


@ Python Turtle Graphics o 8 xs 


i. ~ 1] 
ll 
st 


mo 


Explanation: Initially the Turtle is placed at the centre by default. The 
command Turtle.left(90) changes the direction of the Turtle to the left 
by 90 degrees. Finally, the arrowhead moves 100 pixels forward. 
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right (P) Rotates the Turtle in place a degree clockwise. 
Example: Output: 

>>> import Turtle 

>>> Turtle.right (90) 
>>> Turtle. forward(100) 


@ Python Turtle Graphics 


Explanation: Initially the Turtle is placed at the centre by default. The 
command Turtle.right(90) changes the direction of the Turtle to the 
right by 90 degrees. Finally, the arrowhead moves 100 pixels forward. 


backward (P) Moves the Turtle P pixels in a direction opposite to its current heading. 
Example: Output: 
>>> import Turtle 


>>> Turtle.backward (100) ¢ Python Turtle Graphics Ee x=} 


In Table 12.1, we used various methods to move the Turtle from one position to the other. As 
discussed above, the Turtle draws a line from one position to the other with the help of the pen. 
Table 12.2 illustrates various methods related to the state of a pen. 
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Table 12.2 Methods related to the state of a pen 


Method Meaning 
Turtle.pendown() Pulls the pen down. Draws when it moves from one place to the 
Example: other. 


>>> import Turtle 
>>> Turtle.pendown () 
>>> Turtle.forward (100) 


Turtle.penup() 
Example: 


>>> import Turtle 
>>> Turtle.penup () 
>>> Turtle. forward (100) 


Output: 


G Python Turtle... o 8 xs 


as 


—___» if 


I 
Kil Re 


Explanation: In the above example, the method Turtle.pendown() 
draws different shapes when it moves from one place to the other. 


Pulls the pen up. In this state, it just moves from one place to the 
other without drawing anything. 
Output: 


Explanation: The import Turtle method places the pen at the center 
of the circle. The Turtle.penup() doesn’t allow a programmer to 
draw things, it just moves from one place to the other. When the 
statement Turtle.forward(100) is executed immediately after the 
penup() statement, it moves 100 pixels forward without drawing 
any line or shape. 


(Contd.) 
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Turtle.pensize(width) 


Example: 


>>> import 


>>> Turtle. 


>>> Turtle 


>>> Turtle 


SSS ANbuae ILS. 


>>> Turtle. 


Turtle 
forward (100) 


.pensize (5) 
.pensize (5) 


left (90) 
forward (100) 


Sets the line thickness to the specified width. 
Output: 


G Python Turtle Graphics 


== 


J 


Explanation: In the above code, initially the line is drawn 100 pixels 
ahead in the forward direction. The statement Turtle.pensize(5) 
increases the thickness to draw the figure from here onwards. 


12.3.1 


Programs to Draw Different Shapes 


The following programs make use of methods discussed above to draw different shapes. 


PROGRAM 12.1 


Write a program to draw the square shown as follows using Python's Turtle module. 


import Turtle 
Turtle. forward (100) 
Turtle.left (90) 
Turtle. forward (100) 
Turtle Verte (90) 
Turtle. forward (100) 
Turtle. Vere (90) 
Turtle. forward (100) 


#import Turtle module 


#Move Turtle in forward direction 


#Change the direction of Turtle to left by 90 degree 
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PROGRAM 12.2 | Write a program to display the polygon shown as follows: 


import Turtle #import Turtle module 
Turtle. forward (50 

Turtle.left (45) 

Turtle. forward (50 

Turele. Lert (45) 

Turtle. forward (50 

TUBE vey Vet E(4'5)) 

Turtle. forward (50 

nee ciel, Saez ie (455) 

Turtle. forward (50 

TUG le. Lett (4:5) 

Turtle. forward (50 

mpblieie key, enzie (45) 

Turtle. forward (50 

mbwaeiedle , Iketzie. (415) 

Turtle. forward (50 

12.4 MOVING TURTLE TO ANY LOCATION 


When 


a programmer tries to run Python's Turtle graphics program by default, the Turtle’s 
arrowhead (Cursor or Pen) is at the center of the graphics window at coordinate(0, 0) as shown in 
Figure 12.3. 


>>> import Turtle 


#import Turtle module 


>>> Turtle.showTurtle () 
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Y-axis 


(0,0) 


Y-axis 


(a) (b) 


Figure 12.3. (a) Representation of coordinate system (b) Centre of Turtle graphics at (0, 0) 
The method goto(x, y) is used to move the Turtle at specified points (x, y). The following example 
illustrates the use of goto(X, Y) method. 
Example 


>>> import Turtle 
>>> Turtle.showTurtle () 
>>> Turtle.goto(0,-50) 


Output 


@ Python Turtle Grap.. _2 © | 


Figure 12.4 


Explanation 


In the above example, the statement goto(0,-50) will move towards coordinate (0, -50). 


Graphics Programming: Drawing with Turtle Graphics 


12.5 THE COLOR, BGCOLOR, CIRCLE AND SPEED 
METHOD OF TURTLE 


Table 12.3 gives more details about color, bgcolor, circle and speed method of the Turtle. 


Table 12.3 Turtle methods related to color and speed of the Turtle 


Method 


Meaning 


Turtle speed(Ginteger — 


paramter) 


Turtle.circle(radius, 


extent=None) 
Example: 
>>> import Turtle 


>>> Turtle.circle 


Turtle.color(*args) 
Example: 


>>> import Turtle 


(45) 


>>> Turtle.color (“red”) 


>>> Turtle.circle 


(45) 


The drawing speed of the Turtle must be in the range int 1 (slowest) to 
10 (fastest) or 0 (instantaneous). 


Draws a circle with the given radius. The center is radius units left of the 
Turtle. The extent determines which part of the circle is drawn. If it is not 
given, the entire circle is drawn. 

Output: 


@ Python Turtle Graphics 


Explanation: The statement Turtle.circle (45) is used to draw a circle of 
radius 45 in an anti-clockwise direction. 


The color method is used to draw colorful animations. 
Output: 


@ Python Turtle Graphics Sto) 


Explanation: The above statement draws a circle in red color. 
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Turtle.bgcolor(*arg) Returns the background color of the Turtle screen. 
Example: Output: 
>>> import Turtle 


@ Python Turtle Graphics 
>>> Turtle.color (“red”) 


>>> Turtle. 
bgcolor (“pink”) 


v 


EEE) | 


Explanation: Changes the background color of the Turtle graphics 
window to pink. 


PROGRAM 12.3 | Write a program to display the circles shown. You can consider any radius. 


import Turtle 
MPHAE ILS .CalrtolS 
AUNAE ILE, eaIOILS 


WENA ILS . ClLicele 


orn nA wu ks 
10) nO es ©] ee On OI 


( 
( 
MNAE ILE Casella ( 
( 
( 


) 
) 
) 
) 
) 


uric lke.cilicele 


Explanation In the above program, the 5 circles are drawn with different radius, viz. 45, 55, 65, 75 
and 85, respectively. 
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12.6 DRAWING WITH COLORS 


A Turtle object contains methods for setting a color. In the above section, we have learnt how to 
draw different shapes. Table 12.4 lists methods to draw different shapes with different colors. 


Table 12.4 More methods of Turtle related to color 
Method Meaning 
Turtle.color(c) Sets the pen’s color 
Turtle.fillcolor (Cc) Sets the pen’s fill color to ‘C’ 
Turtle.begin _ fi11() Calls this method before filling a shape 
Turtle.end  £1i11() Fills the shape drawn before the last call to begin_fill 
baa INS teal LAL atiayej(() Returns the fill state. True is filling, False if not filling. 
Turtle.clear() Clears the window. The state and position of window is not affected. 
Turtle.reset() Clears the window and resets the state and position to its original 
default value 
Turtle.screensize() Sets the width and height of the canvas 
Turtle.showTurtle() Makes the Turtle visible 
Turtle.hideTurtle() Makes the Turtle invisible 
Turtle.write(msg, Writes a message on the Turtle graphics window 


move,align,font=fontname, 
fontsize, fonttype) 


Program 12.4 demonstrates the use of begin f£111() and end _ £i11() method to fill a 


shape. 


PROGRAM 12.4 | Write a program to draw a color filled square box as shown. 


import 


Turtle 


Turtle. 


ariobete ILS). 
Tnaatelers 


Turtle 


-begin fill () 
forward (100) 
left (90) 


tadlikeollore (“epeery”)) 


#Fill gray color inside the square 
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e. forward (100) 
e lett (90) 
e. forward (100) 
Tust ler lett (910) 
e. forward (100) 
er Tete ( 910) 
© @iaiel ial (()) 


PROGRAM 12.5 | Write a program to create a circle with specifications as: 


(a) Fill circle with gray color 


(b) Display the text message “Circle!” inside the circle. 


import Turtle 

Turtle .pendown () 

IPbEsiede: sea Lilereylione {(Nopetehy”")) 

baie JL). loyerejalaal_ ae a1 LIL (()) 

Turtle.circle(70) 

anubeie Ie) evayel_ seal dLal (()) 

Turtle.penup () 

Turtle.goto(-25,50) 

WbRec ILS lauiclemvace le, (() 

Turtle.write(‘Cirlce!’, font = (‘Times New Roman’, 20, ‘bold’)) 


12.7, DRAWING BASIC SHAPES USING ITERATIONS 


As shown in Program 12.4, a programmer needs to write the following six sentences to draw a 
simple square: 


Turtle.forward (100) 
Turtle.left (90) 
Turtle.forward(100) 
Turtle.left (90) 
Turtle.forward (100) 
Turtle.left (90) 
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However, if a programmer wants to display four different squares then it would be very 
cumbersome to type the above code repeatedly. Such kind of iterations can be accomplished using 
the for loop. Thus, to create four different squares, we need to create a function square () and 
then draw the square using the for loop. Function takes one argument which is the side of a square. 
The following program demonstrates the use of the for loop to display multiple squares. 


PROGRAM 12.6 | Create a function to draw four different squares using the for loop as shown. 


import Turtle 
def square(side): 
for i in range(4): 
Turtle.forward (side) 
Turtle. ler (910) 


square 
square 
square 


(20) 
(30) 
(40) 
square (50) 


PROGRAM 12.7 ee to display the multiplication table from 1 to 10 in the Turtle graphics window 


G@ Python Turtle Graphics o |S) xs 


1 o 

2 & 

3 

4 

S 10 15 20 25 30 35 40 45 SO 
6 

7 

8 


import Turtle as t 


t.penup () 
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x 
y = 100 
t.goto(x,y) #Move pen at location x and y 
t.penup () 
ieoHe al alin seNae Ee (iL, Wil, i) ¢ # value of i varies from 1 to 10 
WS Ww = 20) 
for j in range(1,11,1): # Value of j varies from 1 to 10 
t .penup () 
t.speed (1) 
t. forward (20) 
t.write(i*j) 


ie .Ceico (ee, 7) 


PROGRAM 12.8 | Write a program to draw the petals of the flower shown as follows using the circle method. 


import Turtle as t 
def petal(t, r, angle): 
“'"Use the Turtle (t) to draw a petal using two arcs 
with the radius (r) and angle. 
wan 
for i in range(2): 
t.circle(r,angle) 
t.left (180-angle) 


def flower(t, n, r, angle): 
“’"Use the Turtle (t) to draw a flower with (n) petals, 
each with the radius (r) and angle. 
wan 
for i in range(n): 
petal(t, r, angle) 
t. left (360.0/n) 


illoywene(ie, 7, SO.0, GO.) 
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12.8 CHANGING COLOR DYNAMICALLY USING LIST 


As we have studied in the previous chapter, a list is a sequence of values called items or elements, 
where the elements can be of any type. Similarly, we can define the various colors inside a list using 
the syntax: 

List Name = [“First Color Name”, “Second Color Name”... ] 


Example 


C = [“blue”, “RED”, “Pink”] 


Program 12. 9 demonstrates the use of list and for loop to change a color dynamically. 


PROGRAM 12.9 | Write a program to draw and fill circles with different colors. 


import Turtle as t 
Ge [Molwme” ,“ RD” , YiPaiale” || 
for i in range(3): 
je eadilikeolkere (C|La]) ) 
1G -loyerejaliad se aL ILAL (()) 
t.circle(70) 
te.end) fa 11) 


Explanation In the above program, all the names of colors are defined inside the list C. The for 
loop is used to iterate all the elements of the list. The statement t.fillcolor (C[i])) is used to fill color 
inside the circle. 


12.9 TURTLES TO CREATE BAR CHARTS 


Turtles can be used to create bar charts. Bar charts can be created using various inbuilt methods 
discussed in the previous section of this chapter. A method such as write () can be used to 
display the text on the canvas at a particular location. Other methods suchasbegin _ £111() and 
end £111() canbe used to fill a shape with a specific color. Thus, by using various methods, we 
can draw bar charts in Python. 


Table 12.5 shows statistics for the most downloaded browser by users in 2016-2017. 


Table 12.5 Sample data to draw a chart 


Web Browser Percentage 
Mozilla Firefox 45% 
Google Chrome 30% 
Internet Explorer 15% 
Others 10% 


Corresponding to the percentage given in Table 12.5, we will draw a simple rectangle of the 
given height with fixed width. The bar chart for Table 12.5 will be: 
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PROGRAM 12.10 | Write a program to draw a bar chart using Turtle for the sample data given in Table 12.5. 


import Turtle 
def Draw_Bar_Chart(t, height) : 
ie  losxejakial_ieai tal (()) # start filling this shape 
-left (90) 
. forward (height) 
-write (str (height) ) 
. right (90) 
. forward (40) 
.cvight (90) 
. forward (height) 
. left (90) 
ie exauel_ieak LAL ()) # stop filling this shape 
Mozilla_Firefox = 45 
Chrome) = 20 
I = ALS) 
Others) = 10 
S = [Mozilla_Firefox, Chrome, IE,Others] # Sample Data 
maxheight = max(S) 


Green orion tear tery ar XG 


num_of_bars = len(S) 
border = 10 
w = Turtle.Screen() # Setting up attributes of Window 


w.setworldcoordinates(0,0,40*num_of bars + border, maxheight + border) 
w. bgcolor (“pink” ) 
Wi = Muar lS . Wenccle 
T1.color (“#000000”) 
T1.£illcolor (“#DB148E” ) 
T1.pensize (3) 
Ore @, alia Se 
Draw_Bar_Chart (T1,a) 


Explanation Inthe above program, we have created a functionnamed Draw_Bar_Chart(). Initially, 
the sample statistics data of a browser is given in list S. The function setworldcoordinates() is used 


to set the coordinates. The actual syntax and its details are: 


setworldcoordinates (LLX,LLY, URX, URY) 
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where, 
LLX - A number which indicates X coordinate of the lower left corner of the canvas. 
LLY - A number which indicates Y coordinate of the lower left corner of the canvas. 
URX - A number which indicates X coordinate of the upper right corner of the canvas. 
URY - A number which indicates X coordinate of the upper right corner of the canvas. 
Thus, setworldcoordinates() sets the coordinates position to draw the chart. 


MUN ed sieN] elm Turtle Racing Game 


Create three different Turtles of colors red, green and black. Design one track for all of them to run 
over the track and win the competition. The track and the Turtle before the start of the completion 
should look as shown. 


@ Turtle F1 Racing Game 


Turtle Racing Track 


To solve this case study, the for loop and Turtle’s inbuilt functions suchas penup(), pendown(), 
forward(), right(), goto(), color(), shape(), speed(),and left() will be used. 


Algorithm 


© STEP 1: Design the track. 
© STEP 2: Place all the Turtles at the appropriate position to start the race. 


© STEP 3: Use the for loop to run over the track and a random number to move the Turtle forward 
by x pixels. 
© STEP 4: End. 


Part 1: Design the track. 


(a) First place the Turtles at the starting position position(x,y). 
goto (-240,240) 
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(b) To draw the lines vertically, change the direction of the Turtle facing towards the right. 
penup () 
right (90) 
(c) Move the Turtle 10 pixels ahead. 
forward (10) 
(d) Now move the Turtle forward by 150 pixels. 
pendown () 
forward (150) 
Thus, up to this step we have successfully created the starting line of the track. To draw the 
second line, move backwards by 160 pixels. 


backward (160) 


Now, the Turtle has come to its starting position in the first line but is facing up. Therefore, to 
draw the second line, change the direction towards the left by 90 degrees and forward by some ‘y’ 
distance. 

left (90) 
forward (Y) 

Repeat all the above steps to draw the remaining lines. 

The code to create track is given as follows: 
from Turtle import* 
title(‘Turtle Fl Racing Game’ ) 


speed (10) 

penup () 

goto (-240,240) #Initial Position of track 

z=0 

y=25 

for x in range(6): #Iterate to draw six lines 
write (x) #Mark distance at the top of line 
right (90) #change direction facing downwards 
forward (10) #Move 10 steps ahead 
pendown () #Open Pen to draw 
forward (150) #Move 150 Steps ahead 
penup () #Close pen 
backward(160) #Move 160 steps backward 
left (90) #Change direction towards left 
forward (y) #Move by y distance 


Part Il: Write the code to create the three Turtles and place them at the proper position before the 
start of the first line. 


tl = Turtle() #create Turtle object t1 
t1.penup () #pen up to place Turtle at x y position 


sui 
tl 
tl 


Graphics Programming: Drawing with Turtle Graphics @) 


-.goto (X,Y) 
.color(‘color name’) #Change the color of Turtle 
.Shape (‘Turtle’) #Give proper shape to it 


Repeat the above steps three times to create three Turtles. 
Code to create three Turtles and place them at the proper position before the start of the first line 


is given as follows: 


tl 
ti 
tl 


ti,; 
sol be 


t2 
t2 
t2 


t2. 
t2. 


t3 
c3 
t3 


t3. 
3% 


= Turtle () #First Turtle - Red Colored 
.penup () 

.goto (-260,200) 

color(‘red’ ) 


shape (‘Turtle’) 


= Turtle() #Second Turtle - Black Colored 
-penup () 

-goto(-260,150) 

color(‘Black’ ) 

shape (‘Turtle’ ) 


= Turtle() #Third Turtle - Green Colored 
.penup () 

-goto(-260,100) 

color (‘Green’ ) 


shape (‘Turtle’ ) 


Part Ill: Moving the Turtles randomly. 


Use randint from the random module to move a Turtle by x position randomly. 


Turtleobject. forward(randint (1,5) ) 


Perform the above steps for all the three Turtles. 
Code to move the Turtles is given as follows: 


from random import* 


for t in range(50): 


t1.forward(randint (1,5) ) 
t2.forward(randint (1,5) ) 
t3.forward(randint (1,5) ) 
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Solution 


Merging all codes, viz. part I, II and III, we get 


from Turtle import* 

from random import* 
title(‘Turtle Fl Racing Game’ ) 
speed (10) 

penup () 

goto (-240,240) 

Zi 10) 

Wes 


for x in range(6): 
write (x) 
right (90) 
forward (10) 
pendown () 
forward (150) 
penup () 
backward (160) 
left (90) 


forward (y) 


tl = Turtle() 
t1.penup () 
t1.goto(-260, 200) 
iE dl -@@illexe ( ieee!” )) 
t1.shape (‘Turtle’) 


€2 = Turtle() 
t2.penup () 
t2.goto(-260,150) 
162 , C@llrore ( S1BILEVel<” )) 
t2.shape (‘Turtle’) 


(eS) Se UMUC ILS) ()) 
t3.penup () 
t3.goto(-260,100) 
ES Colom @iGreenus) 
t3.shape (‘Turtle’) 


for t in range(50): 
t1.forward(randint (1,5) ) 
t2.forward(randint (1,5) ) 
t3.forward(randint (1,5) ) 
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GBR GE 


we SUMMARY 
Turtle is Python’s inbuilt graphics module for drawing various shapes such as lines, circle etc. 
The Turtle is like a pen. 
Initially the Turtle is positioned at the center of the window. 
Various methods such as forward() and backward() are used to move the Turtle forward and backward 
by x pixels. 
The Turtle left(angle) and right(angle) is used to rotate the Turtle left or right by some angle. 
The Turtle goto(x, y) method is used to move the Turtle to specified points(x, y). 


KEY TERMS 
ee 

turtle(): Graphics package to draw objects 
forward (), left(), right() and backward(): Direction to move the Turtle in the given direction 
penup() and pendown(): Draw depends on the status of the pen 
color(), fillcolor(), end _ £i11(), begin _ £111(): Methods to color Turtle objects 
setworldcoordinates(): Coordinate the position to draw objects 
goto(x ,y): Move the Turtle at location xy. 


REVIEW QUESTIONS 
ee 


A. Multiple Choice Questions 


1. 


Which instruction is used to set the pen size to 10 pixels? 
a. Turtle.size(10) b. Turtle.pensize(10) 
c. Turtle.setsize(10) d. All of them 
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2. Which instruction is used to set the position of the Turle at 0,0? 


a. Turtle.set(0,0) b. Turtle.xy(0,0) 
c. Turtle.goto(0,0) d. Turtle.moveto(0,0) 
3. Which instruction related to the pen is used to draw an object while it is moving? 
a. pendown() b. Pendown() 
c. penDown() d. PenDown() 


4, Which instruction will help us draw a circle with radius 10? 


a. Turtle.drawcircle(10) b. Turtle.circledraw(10) 
c. Turtle.c(10) d. Turtle.circle(10) 
5. Which inbuilt function is used change the speed of the Turtle? 
a. Turtle.move(x) b. Turtle.speed(x) 
c. Botha and b d. None of the above 
6. Which instruction is used to show the current location and direction of the Turtle object? 
a. Turtle.show() b. Turtle.showdirection() 
c. Turtle.shoedirloc() d. Turtle.showTurtle() 


7. Which instruction prevents the Turtle from drawing objects? 
a. penUp() b. penup() 
c. PenUp() d. PenuP() 
8. Which instruction hides the Turtle? 
a. Turtle.hide() b. Turtle.noTurtle() 
c. Turtle.invisble() d. Turtle.hideall() 


True or False 


Interactive mode (command Line) cannot used for graphics programming in Python. 

The turtle is an object created when module turtle is imported. 

The imported turtle module uses pen to draw shapes. 

The turtle is used to move and draw lines in only forward and backward direction on the screen. 
By default the position using Turtle pen is down side. 

It is not possible to draw complicated figures using turtle. 

Slowest speed range for drawing a figure using a turtle is -1. 

Maximum speed range for drawing a figure using a turtle is 0. 


$0} .90: SOY COT ee GOs Not 


A turtle object contains methods for setting color. 


RP 
S 


We can't fill up the circular figure with a color. 


C. Exercise Questions 


What is Turtle and how is it used to draw objects? 

Explain the various inbuilt methods to change the direction of the Turtle. 
Explain how different shapes can be drawn using iterations. 

Explain the steps required to create bar charts. 


Ob UR eee 


How can penup() and pendown() functions be used effectively? 
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PROGRAMMING ASSIGNMENTS 


1. Write a program to display the hexagon given as follows: 


2. Write a program to display the logo of BMW as given as follows: 


3. Write a program to draw the figure given as follows: 


4. Write a program to display the patterns of stars in the Turtle graphics window as shown. 
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CHAPTER OUTLINE 
13.1 Introduction 13.5 Binary Files 
13.2 Need of File Handling 13.6 Accessing and Manipulating Files and 
13.3. Text Input and Output Directories on a Disk 


13.4 The seek() Function 


LEARNING OUTCOMES 


After completing this chapter, students will be able to: 


Explain the need and importance of file handling 

Open a file and perform different operations on files, such as reading and writing 

Read the contents of a file using the read, readline and readline methods 

Read and write text and numerical data from and to a file, and append data to an existing file 
Access files and directories through various inbuilt functions 


Remove new line characters and other white spaces using the split() function 


13.1. INTRODUCTION 


A file is a collection of records. A record is a group of related data items. These data items may 
contain information related to students, employees, customers, etc. In other words, a file is a 
collection of numbers, symbols and text and can be considered a stream of characters. 
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13.2 NEED OF FILE HANDLING 


Often the output screen of a laptop or monitor is not enough to display all the data. This usually 
happens when the data is large and only a limited amount can be displayed on the screen and 
stored in the memory. Computer memory is volatile, so even if a user tries to store the data in the 
memory, its contents would be lost once a program is terminated. If the user needs the same data 
again, either it has to be entered through a keyboard or regenerated programmatically. Obviously, 
both these operations are tedious. Therefore, to permanently store the data created in a program, 
a user needs to save it in a File on a disk or some other device. The data stored in a file is used to 
retrieve the user’s information either in part or whole. 
Various operations carried out on a file are 
(a) Creating a file 
(b) Opening a file 
(c) Reading from a file 
(d) Writing to a file 
(e) Closing a file 
All these operations are discussed in detail in this chapter. 


13.3. TEXT INPUT AND OUTPUT 


To read data from a file or to write data to a file, a user needs to use the open function to first create 
a file object. 


13.3.1 Opening a File 


A file needs to open before we can perform read and write operations on it. To open a file, a user 
needs to first create a file object which is associated with a physical file. While opening a file, a user 
has to specify the name of the file and its mode of operation. The syntax to open a file is: 


file object = open(File Name, [Access Mode], [Buffering] ) 


The above syntax to open a file returns the object for file name. The mode operation used in the 
syntax above is a string value which indicates how a file is going to be opened. Table 13.1 describes 
the various modes used to open a file. The third parameter within the open function is an optional 
parameter, which controls the buffering of a file. If this parameter is set to 1, line buffering is 
performed while accessing the file. If the buffering value is set to 0 then no buffering takes place. If 
we specify the buffering value as an integer greater than 1 then the buffering action is performed 
with the indicated buffer size. 


Table 13.1 Different modes to open a file 


Mode Description 
R Opens a file for reading 
W Opens a new file for writing. If a file already exists, its contents are destroyed. 


(Contd.) 
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A Opens a file for appending data from the end of the file 
Wb Opens a file for writing binary data 
Rb Opens a file for reading binary data 
Example 
Fl = open (“Demo.txt”,”r”) #Open File from Current Directory 


F2 = open(“c:\Hello.txt”,”r"”) 


The above example opens a file named Hello.txt located at C: in read mode. 


13.3.2 Writing Text to a File 


The open function creates a file object. It is an instance of _io.TextIOWrapper class. This class 
contains the methods for reading and writing data. Table 13.2 lists the methods defined in the 
_io.TextlOWrapper class. 


Table 13.2 Methods for reading and writing data 


_io.TextIOWrapper Meaning 
str readline() Returns the next line of a file as a string 
list readlines() Returns a list containing all the lines in a file 


str read([int number]) Returns a specified number of characters from a file. If the argument is 
omitted then the entire content of the file is read. 


Write (str s) Writes strings to a file 


close() Closes a file 


Once a file is opened, the write method is used to write a string toa file. Program 13.1 demonstrates 
the use of write method to write content to a file Demol.txt. 


PROGRAM 13.1 | Write a program to write the sentences given below the file Demol.txt. 


Hello, How are You? 
Welcome to The chapter File Handling. 
Enjoy the session. 


def main(): 
obj1l = open(“Demol.txt”,”w”) #Opens file in Write mode 
objl.write(“ Hello, How are You ? \n”) 
obj1.write(“ Welcome to The chapter File Handling. \n “) 
objl.write(“ Enjoy the session. \n “) 


main () # Call to main function 


Explanation In the above program, initially the file Demo1.txt is opened in ‘w’ mode, i.e. write 
mode. If the file Demo1.txt does not exist, the open function creates a new file. If the file already 
exists, the contents of the file will be over written with new data. 
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When a file is opened for reading or writing, a special pointer called file pointer is positioned 
internally in the file. Reading and writing operation within the file starts from the pointer’s 
location. When a file is opened, the file pointer is set at the beginning of the file. The file pointer 
moves forward as soon as we start reading from the file or write the data to the file. 

The step-wise execution and position of the file pointer is updated in the following manner by 
the Python interpreter. 

Initially, a call is made to the main() function. The statement obj1 = open(“Demol1.txt”,”w”) 
opens Demol1.txt in write mode. The file is created and initially the file pointer is at the starting of 
the file as shown in Figure 13.1. 


Demol.txt - C:\Python34\Demo1.txt (3.4.2) 


File Edit Format Run Options Windows Help 


1h 


Figure 13.1 Initial position of the file pointer 
The following statement within the program invokes the write method on the file object to write 
strings into the file. 
objl.write(“ Hello, How are You ? \n”) 


After successful execution of the above statement, the file pointer is located as shown in 
Figure 13.2. 


| & *Demol.txt - C:\Python34\Demol.txt (3.4.2)* 


File Edit Format Run Options Windows Help 
Hello, How are You ? 


Figure 13.2 


After successful execution of a second statement, ie. obj1.write(“Welcome to The chapter File 
Handling. \n “), the file pointer is located as shown in Figure 13.3. 


ie *Demol.txt - C:\Python34\Demol.txt (3.4.2)* 
File Edit Format Run Options Windows Help 


Hello, How are You > 
Welcome to The chapter File Handling. 


Figure 13.3 
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Finally, after the execution of the third statement, i.e. obj1.write(“ Enjoy the session.\n”), the 
contents of the file are updated as shown in Figure 13.4. 


L 9, *Demol.txt - C\Python34\Demol.trt (3.4.2)* il 


Welcome to The chapter File Handling. 


Enjoy the session. 


Figure 13.4 


& Note: When print(str) function is invoked, the function automatically inserts new line character. But 
when write function is invoked, we have to explicitly write the new line character to the file. 


13.3.3 Closing a File 


When we have finished reading or writing from a file, we need to properly close it. Since an open 

file consumes system resources (depending on the mode of the file), closing it will free resources 

tied to it. This is done using the close() method. The syntax to close a file is: 
Fileobject.close() 


Example 


fpl = open(‘Demol.txt’,’w’) 
fp1.close() 


13.3.4 Writing Numbers to a File 


In the above program, we have seen that the write (str s) method is used to write a string to a 
file. However, if we try to write numbers to a file, the Python interpreter shows an error. The 
following program uses the write method to show the error generated by the Python interpreter 
upon execution. 


def main(): 
obj1l = open(“Demol.txt”,”w”) #Open file in Write mode 
for x in range(1,20): 
obj1.write (x) #Write number X to a file 
obj1.close() 


main() 


#Error 
Traceback (most recent call last): 
File “C:\Python34\Demol.py”, line 6, in <module> 
main() 


File “C:\Python34\Demol.py”, line 4, in main 
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obj1.write (x) 


TypeError: must be str, not int 


The write () method expects a string as an argument. Therefore, if we want to write other 
data types, such as integers or floating point numbers then the numbers must be first converted 
into strings before writing them to an output file. In order to read the numbers correctly, we need 
to separate them using special characters, such as “ ” (space) or ‘\n’ (new line). Program 13.2 uses 
str method to convert numbers into strings and write numbers to an output file. 


PROGRAM 13.2 | Write numbers from 1 to 20 to the output file WriteNumbers. ict. 


def main(): 
obj1 = open(“WriteNumbers.txt”,”w”) #Open File in Write mode 
for x in range(1,21): # Iterates from 1 to 20 


FESSIC (2) # Convert Number to String 
obj1.write (x) # Write Number to a output file 
objl.write(“ “) # Space to separate Numbers 
obj1.close() # Close File 
main() # Call to main function 


Explanation The program opens a WriteNumbers.txt file in w mode, i.e. write mode. The for loop 
iterates 20 times to write numbers from 1 to 20 to the file. The numbers are converted into strings 
using the str method before being written to the file. 


PROGRAM 13.3 Generate 50 random numbers within a range 500 to 1000 and write them to file 
WriteNumRandom.txt. 


from random import randint # Import Random Module 
fpl = open(“WriteNumRandom.txt”,”w”) # Open file in write mode 
for in range(51): #Iterates for 50 times 


x 
x = randint (500,1000) #Generate one random number 
x 


= pice (ee) #Convert Number to String 
fpl.write(x + “ “) #Write Number to Output file 
fpl.close() #Finish Writing Close the file 
Output File 


iS WriteNumRandom.txt.txt - C:\Python34\WriteNumRandom.txt.txt (3.4.2) 2/8 xs 


File Edit Format Run Options Windows Help 
504 955 584 643 933 602 857 883 820 515 714 763 509 926 560 879 785 634 587 985 ~ 
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Explanation The above program generates 50 random integers within range (500 to 1000) and 
writes them to a text file WriteNumRandom.txt. The randint module is imported from random to 
generate random numbers. 


13.3.5 Reading Text from a File 


Once a file is opened using the open () function, its content is loaded into the memory. The 
pointer points to the very first character of the file. To read the content of the file, we open the file 
in ‘r’ (read) mode. The following code is used to open the file ReadDemol.txt. 


>>> fpl = open(“ReadDemol.txt”,”r") 


There are several ways to read the content of a file. The two common approaches are: 
a. Use read() method to read all the data from a file and return as one complete string. 
b. Use readlines() method to read all data and return as a list of strings. 


The following program demonstrates the use of the read() method to read the content of the 
file ReadDemol1.txt. The content of the file is as shown in Figure 13.5. 


~)| ReadDemol - Notepad 


File Edit Format View Help 


I 

Love 

Python 
Porgramming 
Language 


Figure 13.5 


PROGRAM 13.4 } Write a program to read the content of the file ReadDemol txt using the read() method. 


fp = open(“ReadDemol.txt”,"”r"”) #Open file in read mode 


text =" fpr read ()) # Read Whole File exactly once 
print (text) #Print the contents of file 


Output 


ae 

Love 

Python 
Programming 


Language 


Explanation Initially the file ReadDemol.txt is opened in read mode. The content of the file is read 
using the read() method. It reads all the content of the file exactly once and returns all the data 
as a single string. 
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Alternatively, a programmer can write the for loop to read one line of a file at a time, process it 
and continue reading the next line until it reaches the end of the file. 


fp = open(“ReadDemol.txt”,”r") 
for line in fp: 


print (line) 


Output 


aE 

Love 

Python 
programming 


Language 


Explanation In the above program, the for loop views the file object as a sequence of lines of text. 
In each iteration of the for loop, the loop variable line is bound to the next line from the sequences 
of lines present in the text file. Note the output of above program. The print() statement prints one 
extra new line. This is because each line of the input file retains its new line character. 


13.3.6 Reading Numbers from a File 
Syntax used to open a file in read mode is 
fpl = open (“numbers.txt”,"r"); 


The content of the file numbers.txt is as shown in Figure 13.6. 


“)| numbers - Notepad 


File Edit Format View 


5 
2 
4 
6 
8 
10 


< 


Figure 13.6 


The first line of file number.txt contains a single integer ‘n’, indicating the total number of values 
appearing in the file. Immediate to the next of the first line we have ‘n’ lines with one number on 
each line. Thus, by making use of read() method, all the content of the file is read at once and 
returned as string. The following program reads the content of the file numbers.txt in ‘r’ mode. 
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PROGRAM 13.5 | Write a program to read the content of the file ‘numbers.txt'’, 


fpl = open(“numbers.txt”,”r”) #open file in read mode 
num = fpl.read() #return entire contents of file as string 
print (num) #print the contents of file stored in num 


print (type(num)) # Check the type of num 


Output 


nN FN UW 


8 
10 


AGILE Sie) Vsicin > 


In the above program we use the read() method. It returns all the input content of the file as 
a single string. Assume that our goal is to add all the numbers present in a file except for the first 
one, which indicates the total numbers present in the file. 


In order to add the numbers present in the file numbers.txt, the readline() function is used 
to read the content of the whole line. Program 13.6 illustrates the use of the readline() method. 


Write a program to add the content of a file numbers.txt and display the sum of all the numbers 
PROGRAM 13.6 present in the file. 


icjoll = yorsual (“ialbi yeas coe Hie”) 
num = int(fpl.readline() ) 
print (num) 
sum — 0 
print (‘The ‘, num ,’ numbers present in the file are as follows:’) 
for i in range (num) : 
numl = int (fpl.readline() ) 
print (num1) 
sum = sum + num 
print (‘Sum of all the numbers (except first):’) 


print (sum) 


Output 


5 
The 5 numbers present in the file are as follows: 
2 
4 
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10 
Sum of all the numbers (except first): 
30 


Explanation In the above program, initially we have opened a file numbers.txt in read mode. The 
num = int(fp1.readline()) statement instructs Python to read an entire line from a designated file. 
Since this is the first line after the file was opened, it will read the first line of the file. As readline() 
function returns string, using (int) function, the string is converted to int. This step is repeated to 
read the remaining lines from the file. 


13.3.7 Reading Multiple Items on one Line 


In the above program, we were able to read only one item per line. Many text files contain multiple 
items in a single line. The method split () for strings allows us to read more than one piece of 
information ina line. The split () returns all the items in a list. In short, it splits a string into 
separate items and all the items are separated by spaces or tabs. 

The following example written in Python IDLE interpreter gives more details about the split () 
method. 


>>> str = ‘I am Loving The Concepts of File Handling’ 


>>> str.split () 


[‘I’, ‘am’, ‘Loving’, ‘The’, ‘Concepts’, ‘of’, ‘File’, ‘Handling’ ] 
# 
>>> for i in range(len(str)): 


print (str[i]) 


al 

am 
Loving 
The 
Concepts 
of 

File 
Handling 


Explanation The above example simply splits the string and stores the content to a list. Finally, the 
for loop is used to access and display each item of the list. 


Let us look at a program which reads more than one piece of information in a line. Consider 
the problem of calculating the total and percentage marks obtained by students, stored in a file 
Grades.txt. 
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5 

60 70 80 90 100 
55 65 75 85 60 
70 60 80 90 67 
89 76 56 43 90 
67 89 76 54 90 


<4 


Figure 13.7 


The first line of the input file Grades.txt has a single positive integer ‘n’ which represents the 
number of students in a class. The following ‘n’ lines next to the first line contain five positive 
integers in between 0 and 100, which represent the marks obtained by the students in five different 
subjects. 


PROGRAM 13.7 Write a program to read the contents of a file Grades.txt and calculate the total marks and 
percentage obtained by a student. 


fpl = open(“Grades.txt”,”r") #Open file in read mode 
n = int (fpl.readline() ) #Read first line of file 
print (‘Total Number of Students: ‘,n) 
for i in range(n): 

jonealialte, (*Siieiweleiate, 4s" sii, 9 ge? Eigel = © %) 

allgrades = (fpl.readline().split()) 


print (allgrades) 

sum = 0 

for j in range(len(allgrades) ) : 
sum = sum + int (allgrades [Jj] ) 
per = float ((sum/500) *100) 


print (‘Total = ‘,sum, ‘ \nPercentage = ‘,per) 
joneatine (° \ia.? )) 
Output 
Total Number of Students: 5 
Sicuickeiale a2 Gk 9g |[°oO", “7a, “BO, “SO, SalL@@ | 
Moycall = Ao) 


PeGeeniagem— moc Or10 
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Sieiwolsane, 5? An YEE. Y6e, Vy, YEISe M50) | 
Total = 340 

iPeiaeiacecis = ls) 510) 

Sicwcliae 3; 3 2 | Y7O%, “GO?, “80%, “890%, ov" || 
roc = 367 

Ieusiclsignuecici) = 7/3} gt! 

Sicwicleime 3 44 e |e", “WS%, SE", “A? % OO" || 
Wecell = gs 

Percentage s— 70nd 

Sieievoleiaye, 5 4 YOY EO A, MYGY), MERE NO" | 
Wocal = 37/6 


Deiceemisccie = 7552 


Explanation Initially, the file Grades.txt is opened in read mode. The statement n = int(fp1. 
readline()) reads the first line of the file. It returns the details about number of students present in 
the file. The for loop is used to go through each student. For each student, the marks obtained for 
five different subjects are stored in a list. Since list stores strings, each item of the list is converted 
into int to carry out the desired calculations. 


PROGRAM 13.8 ime a function Find_Largest() which accepts a file name as parameter and reports the 
ongest line in the file. 


The content of Demol.txt file is as shown in Figure 13.8. 


~)| Demol - Notepad 


File Edit Format View Help 


India, fence the Republic of India is a country in South Asia. 
It is the seventh-largest country by area. 


The second-most populous country with over 1.2 billion people. 
The most populous democracy in the world. 


Figure 13.8 
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def Find Largest (fp1): 
fpl = open(‘Demol.txt’,’r’) #Open File in read Mode 
lome = “ “ #Assume Longest Line = 0 
iy = © 
count = 0 
ieee IkabayS slik itjeyil 2 
Count— count i 
jonealiove, (% Ibplin¥S Woe © ,etouiate,)) 
print (line) 


jonealinue, (( INiUhiloyeie (one (Claveucevoiceis = ,, Ihein {(UlatinyS)) )} 


if(len(line) > len(long)): 
long = line 
Ik; = AL atone) 
print(L, ‘is the Longest Line with’, len(long) ,’characters’ ) 
fp = open(‘Demol.txt’,’r’) 
Find Largest (fp) 


Output 


Line No: 1 
India, officially the Republic of India is a country in South Asia. 


Line No: 2 


It is the seventh-largest country by area. 


Line No: 3 


The second-most populous country with over 1.2 billion people. 


Line No: 4 

The most populous democracy in the world. 

Number of Character = 42 

India, officially the Republic of India is a country in South Asia. 


is the Longest Line with 70 characters 
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Explanation The file Demol.txt is opened in read mode. Initially, we have assumed the length 
of the longest line is 0 characters. The for loop is used to traverse all the lines of the file Demo1. 


txt. While traversing, the length of each line is measured and compared with the previous longest 


length of a line present in the file. Finally, the line with the longest length is stored in the variable 


‘long’. 


PROGRAM 13.9 Write a program to copy lines which start with an uppercase letter only from the input file 
** | Demol .toct and ignore the lines which start with a lowercase letter. The output file Demo2. 


txt should contain only those lines from the file Demol.txt which start with an uppercase 


letter. 


The content of Demol.txt and Demo2.#xt is as shown below. Initially, Demo2.txt is an empty file (Figure 13.9). 


r 


“| Demoi - Notepad 


File Edit View Help 

Wwooow, Python!!! 

i want to Lean it. 

It is one of the famous Programming Language. 
i love Python. 


Format 


Figure 13.9 


“)| Demo2 - Notep... sro) 


File Edit Format 


View Help 


12 Wills = Cjoeia( Weimoil icsee" , "17 )) 
Opie _ IwaAIe. = Cjovsia ( “DEW A .iowEe” 5 OW” ) 
ier lime dig 1p) wiles 
if line[0] not in ‘abcdefghijklmnopgqrstuvwxyz’ : 


Out_File.write (line) 
Ouie walle cles (()) 


Output 


~)| Demo2 - Notepad 


File Edit Format View Help 
wooow, Python!!! 


It is one of the famous Programming Language. 


< 
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Explanation The file Demol.txt is opened in read mode. The for loop is used to go through all 
the lines present in it. Initially, the file Demo2.txt is an empty file. The statement if line[0] not in 
‘abcdefghijklmnopqrstuvwxyz’: is used to check if a line starts with an uppercase letter. If the 
condition is satisfied, the corresponding line is copied to the file Demo2.txt. 


13.3.8 Appending Data 
The append ‘a’ mode of a file is used to append data to the end of an existing file. The following 
program demonstrates the use of append mode. 


PROGRAM 13.10 | Write a program to append extra lines to a file name appendDemo.txt. 


The content of appendDemo.txt file is as shown in Figure 13.10. 


a | appendDemo-Notepad |S SI) 2% 


File Edit Format View Help 
welcome! , 


Figure 13.10 


fpl=open(‘appendDemo.txt’,’a’) # Open file in append file 
fpl.write(‘\nWow, Cant Believe.’)# Append contents to a file 
fpl.close() #Close file 


Output 


_)| appendDemo - Notepad 


File Edit Format View Help 
welcome! 
Wow, Cant Believe. 


13.4 THE seek() FUNCTION 


So far, we have learnt that data is stored and subsequently read from a file in which it is stored. 
When a file is opened, we can imagine an imaginary pointer positioned at the beginning of the 
file. What about reading the content of files from random positions? Python provides an inbuilt 
function called seek() for moving the pointer explicitly to any position in a file. 

Thus, the seek() method is used to set the file pointer to a specific position in a file. The syntax 
for seek() function is: 
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File object.seek(offset, whence) 


where offset indicates the number of bytes to be moved from the current position of the pointer 
and whence indicates the point of reference from where the bytes are to be moved from. The value 
of whence can be determined from Table 13.3. 


Table 13.3 Seek file pointer 


Value Meaning 


0 The position is relative to the start of the file, i.e. it sets the pointer at the beginning of the file. This 
is a default setting if we don’t supply ‘0’ as the second argument to the seek() function. 


The position is relative to the current position. 


D The position is relative to the end of the file. 


Examples 


#Create Seek Demol.txt file in write mode 

>>> fpl= open(‘Seek Demol.txt’,‘w+’) 

#Write some data to the file 

>>> fpl.write(‘Oh!God!SaveEarth!’ ) 

17 #returns number of characters written in a file 
#By default second argument of seek function is zero 
>>> fpl.seek (3) 

2 

>>> fpl.readline() 


‘God!SaveEarth!’ 


Explanation 


In the above example the file Seek_Demo.txt contains 17 characters. The statement fp1.seek(3) tells 
Python to read the content of the file from the third position. 


Note: The statement fp1.seek(3) does not contain a second argument. Thus, by default, it is set to zero. 
The first argument cannot be negative if we don't supply a second argument. 


PROGRAM 13.11 Write a program to perform the following operation using seek() and basic file operations. 


(a) Open file weekdays.txt in write mode. 
(b) Write weekdays from Monday to Friday in a file weekdays.txt. 
(c) Use seek() to read the content of the file. 


(d) Set the pointer to the end of the file and append two remaining weekdays, i.e. Saturday and Sunday to the 
existing file weekdays.txt. 


(e) Read and print all content of the file. 
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fpl = open(‘weekdays.txt’,’w+’) #Open file in w+ mode 
fpl.write(‘Monday\n’ ) #Write to file 
fpl.write(‘Tuesday\n’ ) 

fpl.write(‘Wednesday\n’ ) 

fpl.write(‘Thursday)\n’ ) 

fpl.write(‘Friday\n’ ) 

fpl.seek(0) #Set file pointer to start of the file 

#t = fpl.read() #Read file from current file pointer till end 
fpl.seek(0,2)#Move file pointer at the end of file 
fpl.write(‘Saturday\n’) #Write at the end of file 
fpl.write(‘Sunday’ ) 

fpl1.seek (0) 

t = fpl.read() 

print (t) 


Output 


Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 


Explanation In the above program, initially we have opened a file and written the content to the 
file. The statement fpl.seek(0) is used to reposition the pointer to the starting point of the file and 
read the whole content at once. Similarly, seek(0, 2) points to the end of the file and the remaining 
content is written to the file. 


13.5 BINARY FILES 


Binary files can be handled in a manner similar to that used for text files. Access mode ‘r’ is required 
to open normal text files. In order to open binary files, we should include ‘b’, i.e. ‘rb’ to read binary 
files and ‘wb’ to write binary files. 

Binary files don’t have text in them. They might have pictures, music or some other kind of data. 
There are no new lines in binary files, which means we cannot use readline() and readlines() on 
them. 
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13.5.1 Reading Binary Files 


Many proprietary applications use binary file formats. This type of file format begins with a specific 
series of bytes to identify the file type. For example, the first one byte in a jpg image is always b’\ 
xff\xd8’ , i.e. it indicates the type of the file. Similarly, \xff\xd9 indicates the end of a file. 


The following example shows how we can read the content of a jpeg file. 


Example 


>>> fpl = open('‘c:\\Users\\shree\\Desktop\\demo.jpg’,’rb’) 
>>> fpl.read() 


b’ \xff£\xd8\xff£\xe0\x00\x10JFIF\x00\x01\x01\x01\x00~\x00~\x00\x00 \xff£\xdb\x00C\ 
KOO NOD \XOd eect heh Be oe ee ,\xff£\xd9' 


13.6 ACCESSING AND MANIPULATING FILES AND 
DIRECTORIES ON A DISK 


Python supports various inbuilt functions for accessing and manipulating files and directories. 
Most file manipulation functions live in the os module and associated module are called os.path. 
The os provides basic file handling functions and the os.path handles operations on paths and 
filenames. Table 13.4 contains a list of inbuilt functions related to files and directories provided by 
Python. 


Table 13.3 Inbuilt functions to access files and directories 


Module and Function Description 

os.getcwd() Returns the path of the 
Example: current working directory. 
>>> import os # import os module 

>>> os.getcwd () # Returns Current Working Directory 


‘c:\\Python34’ 

os.chdir(newdir) Changes the current working 
Example: directory. 

>>> os.chdir(‘c:\\Python34\\Lib’ ) 

>>> os.getcwd() 

‘c:\\Python34\\Lib’ 


os.path.isfile(fname) Returns True if a file exists on 
Example: the said path or else returns 
>>> os.path.isfile(‘Demol.py’ ) False. 


True # Returns true since the file is present on the 
said path 


(Contd.) 
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os.path.isDir(DirName) Returns True if the said 
Example: directory exists or else 
>>> os.path.isdir(‘Cc:\\Python34’) returns False. 

True 

os.mkdir(DirName) Creates a new directory in the 
Example: said path or else by default 
>>> os.mkdir(‘Prac’) it creates one in the current 
>>> os.chdir(*c:\\Python34\\Prac’ ) working directory. 
os.listdir(path) Lists the names of files and 
Example: directories in the said path. 
>>> 


os.listdir(‘c:\\Python34\Practice’ ) 


[‘apps.py’,’CDemo.py’,’ColorDemo.py’, ‘cprime.py’] 
os.rename(old, name) Renames the old file name to 
Example: anew file name. 


>>> os.getcwd() #Get path of Current Working Directory 
‘c:\\Python34\\Prac’ 

>>> os.chdir(‘c:\\Python34\Practice’) #Change Path 

>>> os.listdir() #List Names of Files and Directories 
[‘apps.py’, ‘CDemo.py’, ‘ColorDemo.py’, ‘cprime.py’] 
>>> oS.rename(‘apps.py’,’MyApps.py’) #Rename file 
‘apps.py’ 

>>> os.getcwd () 

‘ce: \\Python34\\Practice’ 

>>> os.listdir() 


[‘CDemo.py’, ‘ColorDemo.py’, ‘cprime.py’, ‘MyApps.py’] 
getsize(path) Return the size, in bytes for 
Example: the said path. 


>>> import os 


>>> os.path.getsize(‘Demol.py’ ) 


173 
os.path.exists (path) Returns True if the path exists 
Example: otherwise returns False. 


>>> os.path.exists(‘Demol.py’ ) 
Iawle 


Extracting Data from a File and Performing Some Basic 


MINI PROJECT Mathematical Operations on It 


Let us assume an individual spends ‘x’ amount (in three digits) on ’Y’ item each month. The 
amount spent each month is stored in a file Expenses.txt in the format MonthNo:X\n. Create an 
application using file handling to calculate the total amount spent on ‘Y’ item in the last six months. 
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Example 


Consider the Expenses.txt file given below. The information contained within the file is: 
Month1 : 100 

Month? : 200 

Month3 : 079 

Monthé4 : 090 

Month5 : 097 

Monthé : 100 

Total expense in the last six months: 566 


© STEP 1: Open file Expenses.txt in w+ mode. 


© STEP 2: Insert all the entries for the last six months in the said format. 


© STEP 3: Reset the file pointer to the initial position. 


© STEP 4: Iterate file. For each iteration, search for ‘:’ and store the content after ‘:’ in the variable 
exp’. 


© STEP 5: Compute the sum of all the expenses for last six months and display the total expense. 


Program 


fpl=open(‘Expenses.txt’,’w+’) #Open file in write mode 
fpl.write(‘Month1:100\n’ ) 
fpl.write(‘Month2:200\n’ ) 
fpl.write(‘Month3:079\n’ ) 
fpl.write(‘Month4:090\n’ ) 
fpl.write(‘Month5:097\n’ ) 
fpl.write(‘Month6:100\n’ ) 


print (‘Contents of File Expenses.txt are as follows:’) 
fpl.seek(0) #Reposition pointer to the start of file 

print (fpl.read()) #Read entire file at once 

fpl.seek(0) #Again reposition pointer to the start of file 
txt = fpl.readlines()#Read contents of file line wise 

Cowie = 0) 

sum = 0 

iene Gla alig teri 


fp1.seek (7+count) 


(Contd.) 
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Ou 


print (‘Expenses of last six month:’,sum) 


Contents of File Expenses.txt are as follows: 
Month1:100 
Month2:200 
Month3 :079 
Month4:090 
Month5:097 
Monthé:100 


Expenses of last six month: 666 


Giqo = iol recevelllains ()) ssieseiljsy ((* \ia? )) 
sum = sum + int (exp) 


Count r= 2 


tput 


4G 


G88 48 


SUMMARY 
ee 


Read, write and append are the basics modes of a file. 

A file is opened in ‘wb’ mode for writing binary content to the file. 

A file is opened in ‘rb’ mode for reading binary content of the file. 

The open function is an instance of _io.TextIOWrapper class. 

The write (str s) method is used to write a string to a file. 

The method readlines() returns a list containing all the lines in a file. 

The read() method is used to read all the data from a file. 

The read() method returns all the data as one complete string. 

The os module and os.path handle various operations related to the file name and path. 


KEY TERMS 
eo 


open(): Used to open a specified file 


Mode: R (read), W (write), A (Append), Wb (write binary data) and Rb(read binary data) are different 
modes to open a file 


write(): Method to write text and numbers to a file 

read, readline and readlines(): Various methods to read the content of a file 
split(): Reads more than one piece of information in a line and returns all the items in a list 
os.path(): Handles operations related to files and directories 

seek(): Places the file pointer at specific locations 
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REVIEW QUESTIONS 
ee 
A. Multiple Choice Questions 
1. Opening a file in read mode performs which operation? 
a. Creates a new file b. Reads consecutive characters from a file 
c. Reads all the content of a file d. None of the above 
2. If we have to open a file abc.txt using the statement 
Fpl = open(‘abc.txt’,’r’) 
which statement will read the file into memory? 
a. Fp2 = open(Fp1) b. FP1.Open.read(Fp1) 
c. Fpl.read() d. None of the above 
3. The inbuilt method readlines() is used to: 
a. Read an entire file as a string b. Read one line at a time 
c. Read each line in a file as an item in a list d. None of the above 


4. If the statement Fp1 = open(‘demo.txt’’r’) is used to open a file demo.txt in read mode then which 
statement will be used to read 5 string characters from a file into memory? 


a. Ch= fpl.read[:10] b. Ch= fp.read(6) 
c. Ch= fp.read(5) d. All of the above 
5. The close() method is used to conserve memory because: 
a. It closes all unused memory created by Python 
b. It deletes all the text related to a file 
c. It compresses a file 
d. It removes the reference created by files open() function 
6. If we have to open a file to read its content using the statement 
Convert Demo = open(‘Story.txt’,’r’) 
which is a valid statement to convert each character of the first line of a file into uppercase? 
a. print(Convert_Demo[0].upper()) 
b. print(Convert_Demo.upper()) 
c. print(Convert_Demo.readline().upper()) 
d. All of the above 
7. If content of a file cities.txt is: 
&Delhi&Chennaié& 
&Mumabi&Kolkata&Madras& 
&Pune&Nagpuré&Aurangabad& 
What will be the output of the following code? 
fpl = open(“cities.txt”, “r”) 


name = fpl.readline().strip(‘&\n’) 


while name: 
if name.startswith("“M”): 


print (name) 
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else 
pass 
name = fpl.readline().strip(‘&\n’) 
a. &Mumbai&Kolkata&Madras& b. Mumabi&Kolkata&Madras 
c. Mumabi Kolkata&Madras d. &Mumabi Kolkata Madras 
8. What is the use of ‘a’ mode in file handling? 
a. Read b. Write 
c. Append d. Alias 
9. Which statement is used to move the pointer in a file to the beginning of the first character? 
a. .seek(-1) b. .seek(1) 
c. .seek(0) d. .seek(2) 
10. Which statement is used to move the pointer in a file to the end of the file? 
a. .seek(-1) b. .seek(1) 
c. .seek(0) d. .seek(2) 


B. True or False 


1. ‘w+’ mode opens a file for write plus read. 

The statement seek(5,1) is used to move the pointer 5 characters past the current position. 
A file once opened in read mode cannot be used to write. 

The .listread() statement is used to read each line of a file as an item in a list. 

The readline() is used to read a line as string. 

The readline() method can be used to read the content of each line in a binary file. 


NQ ge ON 


Binary files contain \n. 


C. Exercise Questions 


Define a file and its advantages. 

How are files opened and what operations can be done on them? 
State the syntax to open, write text and close a file. 

How is data appended to an existing file? 

What are the applications of the seek() function? 

State the syntax for seek() function. 

Enlist the inbuilt functions supported by Python. 

What is a binary file? List its applications. 


SOP 290" SION (OT BR OMe 


Explain any five inbuilt file functions. 


rR 
S 


Using an example, write the procedure to read numbers from a file. 
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PROGRAMMING ASSIGNMENTS 


1. Write a program to add the contents of a file salary.txt and display the sum of salaries of all 
employees present in the file. The content of file salary.txt is 


aj salary - Notepad 
File Edit Format View He 


10000 
2000 
1200 
13400 
21000 


2. Write a function Find_Samllest() which accepts the file name as parameter and reports the 
smallest line in the file. The content of file Demo.txt is 


HI!!! 
welcome. : ; 
File Handiling is Intresting. 


3. Write a program to copy lines which start with a lowercase letter only from the input file 
Demo.txt” and ignore the lines which start with an uppercase letter. The output file Demo2. 
txt should contain only those lines from the file Demo.txt which start with a lowercase 
letter. 


File Edit Format View Help 


HI!!! 

welcome. : ; 

File eed is Intresting. 
e 


its amazing 


ajture. 


4. Write a program to copy the content of one file to another. 


5. Write a program to read the content of a Python file and display all the lines without 
comments. 


Project for Creating 
a Phone Book Directory 


APPENDIX 


INTRODUCTION 


Many of us may have searched for a phone number from a phone book directory sometime. This 
phone book directory is also known as telephone book or phone book or telephone directory. 
Subscribers in a telephone directory are listed alphabetically. 

The main objective of the project below is to create a telephone directory which can help users 
search for a mobile or phone number of a subscriber. 


OBJECTIVE 


(a) Store names and phone numbers of subscribers in a text file. 


(b) A user should be able to search the name and phone number of a subscriber in the telephone 
directory. 


PRE-REQUISITE 


Before starting this project, a programmer should know the following concepts of Python: 
1. Decision statements 
2. Loops 

. Functions 

. Strings 

Lists 

. Searching and sorting using lists 


NQF Ww 


. File handling 
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Solution 


(a) Write the function Add _ Details() to add a new entry, ie. add a new name and phone 
number of a subscriber. 


def Add Details(): 
entry=[ ] 
name=input (‘Please Enter the Name: ‘) 
ph_no=input (‘Please Enter Phone Number: ‘) 
entry. append (name) 
entry.append(ph_no) 


ie(siewheial (Stale aay 


In the above example, initially an empty list entry is created. The name and phone number of 
a subscriber are prompted from the user and appended to the empty list named Entry. The 
function Add _ Details() can be called whenever we want to add a new subscriber’s name 
and contact details to the existing telephone directory. 

(b) Writeafunctionbub _ Sort() tosort the contents of the telephone directory in the ascending 
order. 
After adding the names and phone numbers of subscribers to a list from Add _ Details() 
function, it may happen that the list may contain unsorted data. Hence, before inserting 
data into the telephone directory, make sure that the content of the list is in a sorted order. 
Therefore, the bub _ sort(dirList) function must be placed immediately after the Add _ 
Details() function. 


def bub sort (dirList): 
length = len(dirList) - 1 
unsorted = True 
while unsorted: 
unsorted = False 
for element in range(0,length) : 
if dirList [element] > dirList [element + 1]: 
temp = dirList [element + 1] 
dirList [element + 1] = dirList [element] 
dirList [element] = temp 
#print (dirList) 


unsorted = True 


Thus, in the above function, the normal bubble sort is used to sort the elements of the list in the 
ascending order. 
(c) Write the function Save _Data_To_ File() to save the newly added subscribers to the 
telephone directory. 
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The function bub _ sort() helps to sort the contents of the list in the ascending order. Once 
the list is sorted, write the sorted contents of the list to a file named Phone_Directory.txt. The 
function Save Data _To_ File() contains the appropriate code to write the content of 
the list to the said file. The Save _Data To File() function should be placed just below 
thebub _ sort(dirList) function. 


def Save Data To File(dirlist): 

f=open(‘Phone Directory.txt’,’w’) #directory.txt is the name for the new 
file to be saved 

IE@Ke ‘al sha lalse Iaisye e 


f.write(n[0]) # writes the name 

iE WwneieS (* 47) # writes a comma 

f.write(n[1]) # writes the number 

f.write(‘\n’) # writes a new line 
£.close() 


The file Phone_Directory.txt is opened in write mode to write the content of the list to a file. 
(d) Write the Display () function to print all the names and phone numbers of all the subscribers. 


def Display(): 
if (os.path.isfile(‘Phone Directory.txt’)== 0): 
print (‘Sorry you Dont have any Contacts in your Phone Address Book.’ ) 


print (‘Please Create it!!!!') 


Gulauid (OS SESE ( WineinS_Whlwecicorey7, Oxi” )) -Sie_SalwS==0)) 
print (‘Address Book is empty’) 
else: 
f£=open' (“Phone Directony. txt”; 7x7) 
text = £.read() 
print (text) 
£-elose\() 


The display function is used to know all the details, such as name, phone number of all the 
subscribers. Initially, the os.path.isfile(/Phone_Directory.txt’) is used to check if a file exists 
at the current location. The os.stat(/Phone_Directory.txt’).st_size==0 function is used know 
if a file is empty or it contains any information. Finally, if a file exists and contains some data 
then it is opened in read mode. 

Assume we have read the file and it contains names and corresponding phone numbers of 
thousands of subscribers. If we want to search for a phone number of a particular subscriber 
then it is not possible to manually read each line to find it. Thus, to make our application more 
useful write the Search() function after the Display() function. 


(e) Write the Search() function to find the phone number of a particular subscriber. 
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def Search(): 


name = input(‘Enter the Name:’) 
f£=open (“Phone Directory. txt’ ,' 1%") 
result = [ ] 
ice Isla algal iF g 
if name in line: 
found = True 
break 
else: 
found = False 
alae (iceyuhayel S= “seyEVEs) 2 
print (‘The Name of Person Exist in Directory:’) 


joxeainie (ALaline., ejollace(®,",% 3") 


else: 


print (‘The Name Doesnot Exist in Directory’ ) 


In the search function, the file is opened in read mode. Initially the name of the subscriber is 
read from the user. The for loop is used to read all the lines in the file. It searches for the name 
of the subscriber in each line. If the name of the subscriber exists then the corresponding 
phone number is displayed. If it searches till end of the file and does not find a match in any 
line then it means the name of the subscriber does not exist in the phone directory. 


After writing all the above basic functions, create one more functionnamed get _ choice(). 
The content of this function is given as follows: 


def get choice(): 


print (‘1)\tAdd New Phone Number to a List of Phone Book Directory:’)no 


print (‘2)\tSort Names in Ascending Order’ ) 

print (‘3)\tSave all Phone Numbers to a File’) 

print (‘4)\tPrint all Phone Book Directory on the Console’ ) 
print (‘5)\tSearch Phone Number from Phone Directory’ ) 
print (‘6)\tPlease Write 6 to exit from the menu:’) 


ch=input (‘Please Enter the Choice:’) 


return (ch) 


The above function is used to get the subscriber from the user. The requested choice is 
returned to the main part of the program to perform a particular task. The content of the 
main part of a program should be written as 
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#main program 
i: (OS path. lista le\(“Phone Darectory txt )== 0): 


print (‘Sorry you Dont have any Contacts in your Phone Address 
Book.’ ) 


print (‘Please Create it!!!!') 
directory = [ ] 
else: 
print (‘Already Your Phone Book has Some Contacts’ ) 
jonealione. (* Mae wen Ser stie ll) 
Giinmeccomy = | I 
f£=open\(“ Phone Directory. txt 4; 157) 
icone Ikskiay alin if 9 
if line.endswith(‘\n’): 
dhatiave = iLalieves |[-3 = 11 ]| 
directory.append(line.strip().split(‘,’)) 
£.close() 
#directory = [] 
Case uiatie) 
while c: 


Ch— de tEchonces®) 


aie Cla c= “il g 
e = Add Details() 
directory .append (e) 


ise Cla =a %Des 
bub_sort (directory) 


print (‘Contents of Phone Book Sorted Successfully! !!!") 


Wie Cla Se “SY g 
Save Data_To File(directory) 
print (‘Data Saved to Phone Book Successfully!!!) 


Wie Gla == “Al? ¢ 
Display () 


it Cla =a “GY 9 
Search () 


Wie Gln SS %6% s 
print (‘Thanks a Lot for using Our Application’ ) 
c = False 
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In the main part, first we check if any contact exists in the phone directory. If it does contain 
some contact then the existing contacts are copied to the list named directory. Lastly, the new 


contacts are appended to the existing ones. 


If we combine all the above steps, the overall program on the phone book directory project will 


be as shown below. 


import os 


def Add Details(): 
entry=[ ] 
name=input (‘Please Enter the Name: ‘) 
ph_no=input (‘Please Enter Phone Number: ‘) 
entry.append(name) #Append name to the list entrty 
entry.append(ph_ no) #Append ph_no to the list entrty 


return entry 


def bub sort (dirList): 


length = len(dirList) - 1 


unsorted = True 


while unsorted: 
unsorted = False 
for element in range(0,length) : 
if dirList [element] > dirList [element + 1]: 

temp = dirList [element + 1] 
dirList [element + 1] = dirList [element] 
dirList [element] = temp 
#print (dirList) 


unsorted = True 


def Save _Data_To_File(dirlist): 
f=open (‘Phone Directory.txt’,’w’) 


ie@ne ia aig Glalieilayeye 


f.write(n[0]) # writes the name 
15 pitpoakere(S .? )) # writes a comma 
f.write(n[1]) # writes the number 
f.write(‘\n’) # writes a new line 
£.close() 
OS o oon a SS Oe Sate Se SSR SE ORS Se oe See Ses SSS sesss # 


def Display (): 


ll 
fo) 


if (os.path.isfile(‘Phone Directory.txt’)= 


(Contd.) 
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print (‘Sorry you Dont have any Contacts in your Phone Address Book.’ ) 
print (‘Please Create it!!!!') 


elit (OS stat (“Phone Directory txt’) st size==0)); 
#Check if File Contains data or not 
print (‘Address Book is empty’) 
else: 
£=open'(“ Phone Directory. txt”, "1%" ) 
text = f.read() 
print (text) 


£.close() 
pa SS SS SS eS SS SS # 
def Search(): 
name = input(‘Enter the Name:’) 


£=open (Phone Dinectony. txt) 217) 
ieee = | | 
pone Ika. alia if 2 
if name in line: 
found = True 
break 
else: 
found = False 
aig (ie@whavel S= aheuIe)) 3 
print (‘The Name of Person Exist in Directory:’ ) 


jonealinie (Ailing .wejollaee ("3") ) 


def get choice(): 

print (‘1)\tAdd New Phone Number to a List of Phone Book Directory:’) 
‘2)\tSort Names in Ascending Order’ ) 
\tSave all Phone Numbers to a File’) 


print 


\ 


print 


\ 


\tSearch Phone Number from Phone Directory’ ) 


2) 
(*3) 
print (‘4)\tPrint all Phone Book Directory on the Console’ ) 
joue alive, (5) 
(°6) 


\ 


print \tPlease Write 6 to exit from the menu:’) 
ch=input (‘Please Enter the Choice:’) 


return (ch) 


#main program 


ll 
io) 


if (OS. path. iistile (“Phone Directory. txt’! )= 


(Contd.) 
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print (‘Sorry you Dont have any Contacts in your Phone Address Book.’ ) 


print (‘Please Create it!!!!') 
Chiinsccoiny = || | 
else: 
print (‘Already Your Phone Book has Some Contacts’ ) 
jonealinie,((% Wael Cetin See sail LN") 
Ghiigsccony = || | 
f=open'( “Phone Directory. txt”, 17 ) 
ieoue IlSlins Glial ie 2 
if line.endswith(‘\n’): 


shine. = Ihsan [9-11 ]| 


directory.append(line.strip().split(‘,’)) 


£.close() 
#directory = [] 
G@ = Mev 
while c: 


ch=get choice) 


aie Cla Ge “iY g 
e = Add Details() 
directory .append (e) 


ise Cla == DQ’ s 
bub_sort (directory) 


print (‘Contents of Phone Book Sorted Successfully! !!!") 


wir Gla Sa SB z 
Save Data_To File (directory) 


print (‘Data Saved to Phone Book Successfully!!!) 


aig Clay Se YALY 5 
Display () 


Wie Gla se “5s 
Search () 


iit Gd S= “6% s 
print (‘Thanks a Lot for using Our Application’ ) 
G = False 


Importing Modules 
in Python 


APPENDIX 


Python programs are written in script mode of Python’s IDLE. Once the code is written, the file is 
saved by .py extension. In short, modules are Python’s .py files which contain Python code. Any 
Python file can be referenced as a module. 


WRITING AND IMPORTING MODULES 


Writing a module is like writing a simple Python program in a file and saving it in .py extension. 
Modules contain definitions of functions, classes and variables, which can be utilised in other 
programs. 

Let us create a simple file Demo.py. 


def Display(): 


print (‘Hello, Welcome all!’) 


If we try to execute the above code nothing will happen because we have just written the 
function and it has not been called from elsewhere to perform its action. So, let us create another 
file named main.py so that we can import the module Demo.py we have just created and then call 
the function Display() present in file Demo.py from a new file main.py. Therefore, the contents of 
the main.py file are 


© Note: Syntax fo import module is as, we have to write keyword import followed by the name of 
module which we are going to import. 


Syntax 


import module_name 


Importing Modules in Python 


Thus, we will make us of the import statement in the following main.py file to import the 
module named Demo.py as: 


#main.py 

import Demo # Importing Module named Demo 

demo .Display () # Call function Display present within Demo.py 
Output 

Hello, Welcome all! 


Explanation 


In the above program, we are importing a module, therefore we need to call the function by 
referencing the module by “.”, i.e. dot notation. Thus, we use the ModuleName.FuncionName() 
to reference the function present within the module. The statement demo.Display() calls the 
function Display() from module named demo.py. 
The above code contains the following two lines: 
import Demo 


demo.Display () 


We can use the from keyword and replace the above two lines as 


from Demo import Display 


Display () 


Thus, we can get the same output even if we use the from keyword. 


Note: The module which we have imported and the file in which we have used the import statement 
should be in the same directory. With respect to the above example, Demo.py and main.py should 
be stored/located at the same location. 


In the above example, we have seen how a function present in another file can be called using 
the import statement. A programmer can use the import statement to import variables and classes 
present in another file in this manner. 


Python Keywords 


APPENDIX 


Given below is a list of keywords reserved by Python. These keywords are special and cannot be 
used as identifiers. 


and del from not while 
as elif global or with 
assert else if pass yield 
break except import print True 
class exec in raise False 
continue finally is return None 


def for lambda try 


ASCII Table 


APPENDIX 


IV 


ASCII stands for American Standard Code for Information Interchangeable. It is one of the 
character encoding systems. ASCII code represents text in a computer. Python uses the ord() 
function to get the ASCII value for any character. It will be useful for a programmer to remember 
the ASCII values for all the characters given below. 


Dec Char Dec Char Dec Char Dec Char 
0 NUL (null) 32 SPACE 64 @ 96 % 

HB SOH (start of heading) 33 ! 65 A 97 a 

2 STX (start of text) 34 m 66 B 98 b 

3 ETX (end of text) 35 # 67 Cc 99 c 

4  EOT (end of transmission) 36 $ 68 D 100 d 
5 ENQ (enquiry) 37 % 69 E 101 e 

6 ACK (acknowledge) 38 & 70 F 102 ie 

7 BEL (bell) 39 ; 71 G 103 g 
8 BS (backspace) 40 ( 72 H 104 h 

9 TAB (horizontal tab) 41 ) 73 I 105 ab 

10 LF (NL line feed, new line) 42 * 74 J 106 5 

11 VT (vertical tab) 43 + 75 K 107 k 
12 FF (NP form feed, new page) 44 . 76 L 108 ale 

13. CR (carriage return) 45 - 77 M 109 m 

14S OM (Shatemouts) 46 é 78 N 110 n 

15 SI (shift in) 47 / 79 O V1.1 fo) 
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EM 
SUB 
ESC 
FS 
GS 
RS 
US 


(data link escape) 
(device control 1) 
device Control 2) 
device control 3) 
device control 4) 
(negative acknowledge) 
synchronous idle) 


end of trans. block) 


cancel) 

(end of medium) 
(substitute) 
(escape) 

(file separator) 

(group separator) 

(record separator) 


(unit separator) 


>“ -~ aA NK MW SBS GHn DO 


~ Ba ee ee = ee Bee eo 


2 


eal 
EA 


Symbols 


>>> 57 

__class__ 262 

__dict__ 261, 262 
__doc__ 262 

‘ (exclusive) operator 313 
.format() 173 

__init__ 264 


__init__ method (constructor) 263 


_io.TextIOWrapper 358 
__module__ 262 

— operator 312 

% operator 317 

* operator 198, 304 

+ operator 171, 198, 304 


A 


abs(x) 276 

accessibility 262 
accessing attributes 255 
addition operator 78,571 
add(x) 311 

and not or 26 

and operator 88 

AND (&) operator 72 
anonymous functions 155 
appending data 370 
append(object x) 204 
arguments 141 


arithmetic logic unit (ALU) 2 


arithmetic operator 26, 56 
ASCII 50, 173, 391 


Index 


assembler 4 

assembly language 3 

assignment operator 91, 145 
associativity 66 

attributes 253 

augmented assignment operator 78 


B 


backward 336 

bar charts 347 

base 8 28 

base class 276 
begin_fill 343 
begin_fill() 343 
bgcolor 342 

binary 56 

binary files 372 

binary number 185 
binary search 227 
bitwise operator 26, 56, 71 
body 139 

bool 30 

boolean expressions 90 
boolean operators 56 
boolean type 30 

break 127 

bubble sort 232 

byte code 19 


C 


capitalize() 178 
center(int width) 180 
central processing unit 2 


changing color dynamically 347 divide algorithm 238 
chdir 373 division (/) operator 60, 61 
chr 50 

circle 341 E 

class 253 5 

class membership tests 269 eiaply dictionanyadhs 

clear 343 empty tuple 302 


encoding scheme 50 
end 169 

end_fill 343 
End_Index 169 
endswith(str Str1) 177 
entries 313 

escape sequences 32 
eval function 41 
executable code 5 
exponent ** operator 65 
expressions 56 

extend (list L2) 205 
external sorting 231 


clear() 205, 311, 318, 319 
closing a file 357, 360 

color 341 

command line 9 

command prompt 11 
comment 18 

comparison operator 91, 273 
compiler 4 

complex number 29 
compound assignment operator 56, 78 
computer 2 

concatenation 169 
conditional expressions 103 


condition controlled loop 112 EF 

conquer algorithm 238 

constructor 165, 290 false 30 

continue 129 fields 253 

control unit 2 file 356 

copy() 205 file pointer 359 

count controlled loop 112 fillcolor 343 

count(object x) 205 filling 343 

count(str S1) 177 find(str Str1) 177 

count(x) 303 float 29 

CPU 2 float function 29 

CPython 19 float(x) 276 

creating a dictionary 314 floor division (//) operator 62 

creating a file 357 for 167 

creating lists 193 for loop 112 

creating sets 309 formal parameters 139 
format function 43 

D format() method 173 


format-specifier 43 
formatting dictionaries 317 
formatting string 180 
forward 335 


decimal (base 10) 28 
decimal notation 29 
decision making statements 92 


def 139 : 
delimiter 26, 175 mon 12? 
del operator 200, 317 G 

derived class 276 

destructor method 267 getcwd 373 
difference() 312 get(key) 319 


dir() 260 getsize 374 


global scope 147 intersection() 312 
global statement 149 inverse zip(*) 308 
global variables 147 IronPython 19 

is 275 
H isalnum() 175 


isalpha() 176 
isdigit() 176 
isDir 374 


hash(x) 276 
header 139 
help(dict) 318 isfile 373 
hexadecimal 28 isinstance 269 
HexDecimal number 185 islower() 176 
hideTurtle 343 is not 275 
high-level language 4 isoperator 199 
histogram 323 isspace() 176 
issubset(s2) 311 


I issuperset(s1) 311 
id 169, 268 isupper() 176 
identifier/variable 26 items 313 

if-else statements 92 items() 318 

if statements 92 iter(x) 276 
immutable 325 

immutable strings 168 J 

import 334 join 171 

importing modules 388 Jython 19 

in 169, 171, 310 

indentation error 12, 94 K 

index[] 165 

IndexError 200 keys 313 

indexing 303 keys() 318 
index(object x) 206 keyword argument 144, 174 
index out of range 166 L 

index(x) 303 

inheritance 276 lambda function 155 
inner loop 123 left 335 

in operator 198 len() 165, 197, 303 
input 2 len(x) 276 

input() function 38 line comment 18 
insert(int index,Object X) 206 linker 4 

insertion sort 237 list class 193 
instance 259, 290 list comprehensions 201 
instance methods 256 listdir 374 

instance variables 256 list operator 198 
instantiation 254 lists 305 

int 28 list slicing [start: end] 195 
integer 27 literal 25 

interactive mode 9, 334 ljust(int width) 181 
internal sorting 231 loader 5 


interpreter 4 local scope 147 


local variable 147, 259 
logical operator 26, 88 
lower() 178 
Istrip() 179 


M 


machine language 3 
mangling 263 

matrix 308 

max() 165, 197, 303 
memory unit 2 

merge 238 

merge sort 243 

method overloading 269 
method overriding 287 
methods 253 

min() 165, 303 

Min() 197 

mkdir 374 

module 139, 388 

module (%) operator 62 
moving turtle 339 
multilevel inheritance 277 
multiple assignments 35 
multiple comments 18 
multiple inheritance 277 
multiplication (*) operator 59, 171 
multi-way if-elif-else statements 92 
mutable 168, 309 

mutable object 209 


N 


NameError 148 
negative index 166 
negative list indices 194 
nested dictionaries 320 
nested if statements 92 
nested loops 123 
non-default argument 146 
none 152 

non-empty list 194 

not in 310 

not in operator 171 

not operator 88 


O 
object class 278 


object code 4 

object equality 274 

octal 28 

offset 371 

opening a file 357 
operand 56 

operator overloading 271 
operator precedence 66 
ord 50 

ordered set 194 

or operator 89 

or (|) operator 73 

os module 373 

os.path 373 

outer loop 123 

output 2 

overloading 290 
overloading inbuilt functions 276 
override 287 


P 


paragraph comment 18 
parameters 141 

parameter with default values 145 
parentheses operator 68 

pen 335 

pendown 337 

pensize 338 

penup() 337 

pivot 238 

polynomials as dictionaries 325 
pop(i) 206 

pop(key) 319 

positional arguments 143, 174 
power operator 65 

primary memory 3 

print function 31 

PypY 19 

python interpreter 319 

python virtual machine 19 


Q 
quick sort 238 


R 


random 197 


random.shuffle() 197 

read() 362 

readline() 358 

readlines() 362 

recursive functions 154 
reference equality 274 
relational operator 26,56, 91 
remainder operator 63 
remove(object x) 207 
remove(x) 311 

rename 374 

repetition 169 

repetition operator 171 
replace (str old, str new [,count]) 178 
reset 343 

retrieving values 316 
returning list 211 

returning multiple values 153 
return statement 150 
reverse() 207 

rfind(str Str1) 177 

right 336 

right shift (>>) operator 76 
rjust(int width) 181 

rstrip() 179 


S 


scientific notation 29 
scope 35 

screensize 343 

script mode 15, 334 
searching 225 
secondary memory 3 
seek() 370 

selection sort 234 
self-parameter 256, 290 
set class 310 

SetS 309 

short circuit AND operator 98 
short circuit OR operator 98 
show Turtle() 334 
shuffle 197 

single inheritance 277 
slice 169 

slicing 303 

slicing with step size 196 
software 3 

sort() method 306 


sort tuples 306 

special attributes 262 
special class attributes 261 
special methods 272 
speed 341 

split() 209 

split or partition 238 
stackless 19 

start_index 169 
startswith(str Str1) 177 
statement 4, 11 

step size 170 

str class 165 

str function 31 

string comparison 172 
string concatenation (+) operator 31 
string literal 30 

string operations 172 
strip() 180 

stripping 179 

str(x) 276 

subclass 276 

substring 176 

subtraction (-) operator 58 
sum() 197,303 

super() 285 

super class 276 

super class constructor 286 
swapcase() 178 
symmetric_difference() 312 


T 


ternary operator 105 
testing string 175 

this 257 

title() 178 

tokens 24 

traverse tuples 306 
traversing dictionaries 319 
traversing nested dictionaries 320 
traversing string 167 

true 30 

tuple(function 302 

tuples 305 

turtle 333 

type 25, 253, 302 
TypeError 168 


unary 56 

union() 312 

unordered collection 309 
unpacks 308 

upper() 173, 178 


V 


value 25,313 

values() 318 

variable hiding 258 

variable length arguments 304 


W 


whence 371 
while 167 


while loop 112 

white space 24 

white space characters. 179 
write 343, 358 

writing to a file 357 


xX 
XOR (4) operator 74 


Z 


zip() 301 
zip() Function 306 


